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1.— INTRODUCTION. 

W HEN making an examination of a mineral deposit in order to 
determine tlie economic value thereof, one of the most im- 
portant tasks before the geologist or mining engineer is to take average. 
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samples of the lode or seam at siieh ititcrvals and over such tliick- 
nessos as will entable him both to deduce the average', composition of 
the deposit and to determiric which sections of the deposit will repay 
the cost of working. This, of course, is genoriilly recognised. It 
is not, perhaps, so generally recognised, however, that very great 
help is also to be obtained from a chemical study of hand>specinieTis 
earefidly seh'ctod so as to represent the various ty[)es of ore, rock, 
or mineral, building up the mineral deposit. 

In the course of my study of the Indian manganese-ore deposits 
some y<^ars ago, I made a careful selection of the various types of 
ore and had them assayed not only for the constituents usually 
taken into account in the valuation of manganese-ores, nannily, 
manganese, iron, sili(.*a, phosphorus, and moistun*, but iu addition 
T was fortunately able to have some of them subjected to complete 
analysis. Half of each specimen was used for th(i analysis after 
the determination of its specific gravify, and the other half was 
retained for reforonco, lly a comparison of tin* analysis of a speci- 
men with its aiipoarane-e, it was ])ossiblo to work out the rpianti- 
tative miruiral composition of ea(;h specimc!!, and thus to obtain 
data for an int<dligent nndtustanding of tlio composition of tin; ore- 
bofly as a whole. 

On visiting a new maJiganese-ore deposit it is usually found to 
bo composed of some few of the types of ore already analysed, and 
it is then simple, by forTiiing a rough estiTuath of the proportions 
in whieli these tyi)cs arc' present in the ore-body, and l)y using one’s 
knowledge of the composition of each type, to form a very fair 
estimate of the quality of the deposit in advance of the receipt of 
the results of assays of average sainj)lc8 of the ore, which can as a 
rule come to hand only after one has left the deposit in question. 

On account of the valuable results thus obtained, I was h'ad to 
apply similar methods to the study of the Korea coalfields in 1913, 
and of the Bokaro coalfield in 1910-17. As I have now accumu- 
lated a considerable number of analyses of hand-spticimens of coal 
from tlie.se two areas and as the study of the Korea data led to the 
discovery of a rough relationship between the s])Coifjc gravity of a 
piece of coal and its ash contents, wdiich was confirmed by data 
for the Bokaro coalfield subsequently obtained, and as a knowledge 
of this relationship will enable one to determine the ash contents 
of a piece of coal in the field usually within four units of the correct 
* figure, and often very much closer, merely by a specific gravity 
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dotemiination with a Walker’s balance, it is, I think, desirable to 
detail my results for the benefit of the mining community'. 


II. -THE COALS OF THE KURASIA COALFIELD, KOREA STATE. 

Til my ])aper ' On tlie (ileology and Coal Resources of Korea 
Slate, (Vntral l^ovinees ’ )>ublislied in 19M^ I have given on 
p. 182 a table of analyses of 7 ban d-sjicci mens of coal from various 
s(‘jims (Harakiir s(Ties) in the TCurasia. c*.oallicld in this State. Each 
spe(M‘meu was broken into two roughly ecpial portions and the spe- 
eific gravity deieimination was made in each case on The piece of 
coal that was actually j)owdered uj) for analysis, the. other piece 
of each S])ecim<‘ii being ke])t for future refcu'ence. IMie most inter- 
esting type llms examined is the bright coal oe( urring in laye s 
in th(* bamh'd <*oal. Hi is bright coal brea ks easily into polyhedral 
fragments with eonehoidal fra<diire surfaces, and has all the appear- 
a.nee of b(‘ing a colloid substance ami the juirest type of coal. As 
will be se<‘n from th(‘ analysis of j). ]8:i below, this bright coal proves 
to be nearly pure coal willi only 0*51 ])er cent, ash and a specific 
gravity cf 1 '30. Assuming that the sjieeilic gravity of theoreti- 
f ally pure. < oal from Kurasia with no ash would b(i 1*29, 1 noticed 
that if this figure were deduct(‘d from the, specific gravity of each 

' I’hiii Iho spocifir j^ravily of coal iiicrf^aM'a with the aah iierwutnge ia, of couno, a 
well-known fm t, and thoio liave, of coiirso, iKniii other reRearcihea in whieh Rome to- 
relation lH*t\veen analysis and Brecifir gravity haw been noted, at Iraat luiplieitJy, by the 
piiblnuition of lableH of nnalyaeR of c onia with l orreHyjonding npeeibc gravity dolerniina- 
tioiiH. The folhiwdng pajiers may fw cited 

M. L. Nelx'b ‘ Specific (Jravity StudJoR in Coal \ University of Jlbnoiti, Bull. No. SO ; 
ob.strart in (UdUery Ouantian, UXIJI, pp. (J9I7). 

M. \V. Hlyth & ]j. 'r. <)\Shca, ‘The Kxnrnination of Coal in Relation to Coal-woRli- 
ing Traufi. Jn.st. Kvtj., LVll, p. 2b7, (1010). 

T. KraHeriind If. V. Yanc<*y» ‘ Cleaning Tc'h I h of Central llliiioia Coal \ Tech, Paper 
Hbl, Hureau of JMineH, Washington, ]ip. 0-13, (1925). 

VV. Randall, ‘ Frolb violation r»f Indian Coats fiVo/. JS'vrr. Ind., JA'I, p. 223, 

(1925). 

L)ra|ier aixl Kvans, quote<l by •!. CoL^gin Rrown in ‘Indian Coal Problems *, Bull, 
hut. Influsiries d- huiovr^ No. 30, p. 2.3, (1027). 

Such iiivcstigationH have, however, iiHually been carried out in relation to problema 
of coal iM'iieficiaf ion, and the authors have not tletecled a ndationRhiji such as that noticed 
in this payier. Rlylh .and O’SImm, indeed, go so far as to write (/.e., p. 269) ^ 

“ Generally, the s|>rcific gravity increases with the nsli oonlont, but, as is evident* 
no dciinite relation can be eRtablished between ash content and specific gravity* 
us if tlio iiieri'.'iHC is due to admixed mineral matter, tbo resultant specine gravity 
wdll depend on the lelativo .m)e<-itio gravities of the- coal siibBtanoe and mineral 
matter and oii the proportions in wdiich they are mixed.” 

• Mew. Oeol. Svrv. Ind., Xbl, pt. 2. 
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of the other types of coal, the results miiltij)Iie(l by 100 agreed rough- 
ly witli the determined ash contents of tlie sj)ecimeu. The values 
for the ash (-ontents t.hat might thus be prt'dif led, as (•om})ared 
with those actually found, are shown below for t'acli of the 7 speci- 
mens in question : - 


Sju'cifu* ^nixity. 

Pirdutod 
ash foidrnts. 

J)rtfHjiiiK'd 
jush rotdoidB, 



. 


1 

0 .“>1 

1 •;ui 




7 

l)-28 





id 

m; ll.» 

i iVi 





IS f)! 

liit 




;h> 






:;2 

.‘Mdh; 

1M7 



1 

IS 

Il’J Uli 


Except for the 4th and last analyses the figure pnMlicted is in 
every case within ‘1 units of the figun* obtained by acdnal d(*t.(Tiiii- 
nation. But on account of these two discrepancies, es])e(‘ially tht; 
last, I refrained from drawing attention to this fact in th(i memoir 
in <piestion, as 1 was on h'ave in Europe at the titne the proofs [)asscd 
through my hands, and had no o|)])ortnnity of elu^eking the two 
apparently anomahujs analyses. The work has sinc.o b(‘en re peat tM I 
on a portion of the duplicate material in each case* and th(' results 
indicate that the analytical and the specific, gravity figures of these 
two coals as printed in the memoir cited have been interchanged. 
The followijig table repeats here the analyse.^ of th(' 7 Kurasia (‘oah^ 
referred to above*, (*xcept that the revis(Ml figures are givcm for the 
specimens K.-l and ‘ (tox-ghela N. ’ respectively. The analyse^ 
are here arranged in order of inc.rea.sing ash contents. It will be 
notice.d that this is almost coiiun’deiit with the order of increo ing 
specific* gravity. In column 9 is shown the figure o])tained by 
subtracting from the specific gravity the ash contents divided by 
100, from which, excluding the figures for the specimens from Oor- 
ghela N., one obtains an average of 1*28, which may be used^ as 
the datum line for ash-froe coal from this field. Using this datum 
line the figures given in column 10 show the ash contents as predicted 
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from the 8i)ecific gravity figures. Column 11 shows the error in 
the prediction in each case, the maximum error except for speci- 
men G. N., being only 3 units. The. only case in which prediction 
of ash contents from a s])ecific gravity determination would have 
led to serious error is the sjieeimen from Gorghcla Nula, for whi<!h 
tJie ash contents thus predieted would have been per cent, against 
nearly .31 jior cent., an error as it happens in the right direction, 
as it would have led to the sampling of the Gorghcla Nala seam 
iust(;ad of its neglect. 
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TAiJLK l.—Analyse.'^t specific gravities and desc'npikms of hand- 
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Moist iii< 

Voi.itlb- 
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<1 
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!4iavH.> 

(H). 

' iTTo 

1 

2 
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0 

7 

8 

0 

I». JH.J 

lib bOl) 

Diiiiltiliiii j 

!> .^(1 

2!) ItS 

00 :.i 

0 OJ 

1-30 

1 20 

1). J<iJ . 

li«i lill) 

1\ :ii hii.iii 

Jn uikIi 

4 Oti 

:vi t» 1 



1 30 

1 27 

K. 3 . 

1J7 

Kiii.ir Mioti . 

OJO 

27 Vb 

10 (4; 

Hi 12 

1 40 
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K. 4 . 

liV-431 

Ho. 
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30 20 


Hi ;7 

1 130 

I 27 

G. N. . 

27 435 
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[ 

3 47 
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1 21 
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specimens of coals from the Kurasia coalfield, Korea State, 
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Ilf.—THE COALS AND CARBONIFEROUS SHALES OF THE 
BOKARO COALFIELD. 

On coiniuoijciiif' work in the Boka^o (• 0 fiirK‘I<l at llie bcgiiiiunjj 
of 1910, 1 took an early ()])[JoHiinity lf> yend typical sjjccimona ol 
coal to the Geological Snivcy lal^oratory in Calcutta tor the 

(letenninatjon of th(‘ s]’(cil‘e gra\ity and in'oxiinale cliemical com- 
]io«ition, the wliole of tl'c malerial upon wliich the ypecific gravily 
was detemiiiu'd being used for analysis. This work was con- 

tinued during Ihe following Held season of 1910-17. Tlu'se resuHs 
were required })riTnari]y to li(‘I}i the field work in the manner iilr(‘atly 
ex])lained : but, in addition, it was iny i)urj)Ose to ascertain whether 
in th<‘ case of the Bokaro coals a relationship bctwc'cn speciHc gra- 
vity and ash contents could be detected similar to that found to 

hold for the Korea coals. As a result it was found that the rela- 

tionship did, in nuKst cas(‘s, liold, and in ildO, additional specimens 
W(‘n' s(*lcctcd frean my ccdleclion to liJi up gaj)S in tin* s(*(|uenc(‘. 
S|)ecilic, gravily d(‘l(‘ijninalions and analyses were repealed on 
duplicate material in some cases where ihe r(‘sults se(‘mecl to de|>ait 
seriously from what might be expected. ^Ihe descri]>tion of each 
specimen was recorded before sacrificing it for analysis, and dupli- 
cate specimens were as ladore ndained for relVrence.* The lull 
data including the d(‘serij»1 lojis an* as.^<‘mbled in tabh‘ 2 in onh'r ol 
increasing ash con1(‘iits. All tin* spvH’ijinns come fiojii the Ihirakar 
stage of tin* (umdwana. format ion and are, tln iefure, of l*al;eozoic age*. 

(hi scanning this (al»le if will be observi’d that on the whole the 
spi'cific gravity ijicreasis ptai passu with the ash contents, although 
there ‘ire certain marked excejilions [K. Ill, b\ 112, F. 175 (one 
analysis)] that intenujit this orderly s(‘(jnence, F. Ml having a 
apeeific gravity tliat is too high and F. 112 and F. 175 specilic gra- 
vities that arc t<a) low for their place in tln^ sequ(*nce. F. 378, F. IFi 
and F. 138 have also slightly high s]>ecific gravith's for their posi- 
tion. In column 9 of tin* table are sliown tin* ligures obtained by 
subtracting from G, tlie specific gravity, the ash contents divided 
by 100; in other words, the figures in column 9 


ash contents 



* The .iiialyflcs and 8])ecilic gi-avity tletemiinatioiiH of tlw Kon.‘a B])ociniers were njude 
by Malwuleo Kaiiu and of the iiotajo fij)ecinjene njaiidy by Mahudeo Kuni and Baroda 
(’liaran t Junta. 



TABLE 2. 

Analyses, specific gravities, and descriptions, of hand-specimens 
of coal and carbonaceous shales from the Bokaro Coalfield. 
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Table Analyses, ^specific gravities, and descriptions, of hand-specimen^. 
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Bulil 

niiiiji 1^1 

of 

Bparlmen. 

IBtck 

rc'Ki^'tiT 

immlaT. 

Localily. 

Moihluii. 

Volatili* 

inaltci 

FJ.vcd 

taibiui. 

A.sJi. 

Sped He 
yiavity 
(Oi 

10^1 

'ioT 
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Hliiiul.ird 
(1 20) 
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'j.i uyo 
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1 00 

27 17 

08 23 

2 31 

1 28 

1 20 

0 

F. I177t . 

23000 

Bitto 

1 21 

27 70 

08 53 

2 aO 

128 

1 255 

0 

F. IM* . 

23 020 

Seam 13, Sawaii^? . 

2 ‘2 4 

20 83 

04 32 

3 1)1 

1 30 

1 20 

0 

F. IIG* . 

23 028 

DitLi 

1 53 

20 72 

01-50 

7 

1 33 

1 20 

0 

F. a7b* . 

23 907 

SiMiii 1, Jliaina Nala 

0 71 

18 84 

71 00 

8 10 

1 38 

1 30 

1 1 

F. 37U* . 

23 907 

Si-aiii 7, J)Ul(> 

1 12 

22 00 

02 80 

13 30 

1 30 

1 20 

0 

F m* . 

23 021 

Seam 13 (pit), S.i\vanv( . 

1 00 

20 7 1 

55 10 

13 80 

1 11 

1 27 

1 1 

F. lUl»t . 

23 021 

IHKo 

1 10 

20 82 

53 1)0 

IS 12 

1 42 

1 21 
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1 37 
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2.» 83 

4 1 00 
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-5 

F. ItiGai 

23 051 
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0 18 
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40 17 

27 74 

1 51 

1 20 

0 

F. 141t . 

23- 045 

(Scam 0, Sa'^bclira Garlu 
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0 43 

2101 

45 81 

29 i.> 

1 03 

1 31 

H 8 
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23 040 

Ditto 

0 48 

21 00 
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I 1 30 
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0 57 
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0 
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1 31 

1-8 
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23 072 
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0 01 
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20 04 

08 53 

2 03 

J 31 

18 

F. (»ii . 

- 
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4 19 
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23 003 
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1 1 57 
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87 41 

2 58 
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Nui'u.' -1. TIicmc \vi'rc lu.nlc by AUihadco llaiii (*), BhkhIu ('huran (Bipta (f), Mnif'iil Jioi) 

ill cuBi'8 M'iipic itie (lutii Mt;ju 

‘J. All thoitr lncalllk-» are in Bast Bukaru si’rtUmnf tlie lUld vaut ol J ugu (liH), i‘xrcpt> thi»hu uf 
been cuiielat-cd 'vvltb Uiuhc ol Bust Bukaru. beam Vi lii East Bokatu Is the MoU-kiiui\u Eurgali 
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of coal and carbonaceous shales from the Bokaro coalfield. 
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Do. . 

Dull silky grey (oai niih blight vcinlet) . 



Cnki'a strongly 

Creyit-li white 

Dull greasy-lu&tred coal appioaching slinle 



Cakes . 

— 

Ditto .... 


' Foiirth-elasH uuD. 

Do. . 

— 

Dull grey (Hjal with tliin bright Itands 



Do. . 

J/iglit grey 

bariihi.iteil dull eo.il with brlgiit stn aks . 



Does not oil ko 

Light but) 

Carbonnuoua shale .... 



Ditto 

Ditto 

Light yellow . 

Wlilte . 

Shaly coal (or carboiiiueuui:. shale nltli thin 
bands ul luiglil eoai) 

Coely ^h.ilt a and 
< .0 buii.idini.s 
sliale.5. 

Ditto 

Very iiglit yellow . 

Coaly in. c. .slialc 


1 

1 

Ditto 

— 

DItio 

Micaivuns larbonaceous slnilc (M.c. shale) 


I M. r sbrth^ (lukafs - 

oi.s ear bu]i.ivi oils 
sliuleh). 

— 

— 

Ditto ditto 




Co. (X) (!)■ M|>ecllU- gravity ik-tenjilimtidiis by tbv uiial 3 ntit. blauku uro uliowu in coliirnns 11 nu'l 

not rvcor«l(Ml by tho annlyats. 

F. 378, F. 37U, and F. 3U1, Jharuu Kala, wlilcti (a in VVeat Uokaro. Tho uuuibuia o( thu Bukaro avariis have iiul 
aoain. 
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(N)iij^i(l(*rin^f for ilu*. ])n‘.sc*iit only those iinalys(‘s showing less 
tJiiin 50 [)(‘r cent, of iish, that is those that can projicrly be <;alle(l 
co;ils {se(‘. column M of tlu' table), we find that for 17 specimens, 
each represented by J or more analyses, in no less than 0 cases does 
this ligiire come to 1 ‘ib. TJie ditlerenee in eaeli ease of the figure 
so obtained from 1 2b is shown in column 10 of table. 2, eaeh unit 
n'preseiiting OOl. These dcria/iona, as 1 propose to call them, may 
be summaris(‘d a.s lollovvs : - 


AMlnilut ul c|r\ lalKUl 

No. oi 

(llJlll (MMj 

Cilbl'.S 

I.i 

1 

r» 

1 

u 

i 1 

1 

[ 

1 1 

1 

]0 

1 

I 

! 

-t 

In 

1 


\ :i\ is Iherefore adoj)ted ns ihv favdaiHcntal syerife graeify of /mre 
osh lire Holaro coal and th(’ deviations from this figurr* ranging 
from 2 to I 1 abov(' ar<' not flunight 1o need any ]»arti< ular ex- 
phuialion. Lut sotne exjdanation of the. two low specific gravities 
and I he thn e high ones ai>pears desirable. 

Mv first thorighf was that there might be some inherent difle.r- 
ence between the rarl)onaceous material of those exce])tional coals 
nnd that of eonis of m(»re normal density, hirst, however, 1 liad 
V. 175 re-nnalvs<“d, ns an exam])le of iiniisiinlly low density ( 15), 
iind h. HI as an examjfie of unusually high density (+8). F. 175, 
on re-ana]>sis, gave the u])]>er of the two analyses shown in table 2 
jiud tin* (a)iTes])ond(‘nce h(*r<i for ash and density is so good that 
( 4 __ 2b ; so that wo are compelled to assiune that there 

is some error in the first determination either in the analysis or in 
speeifie gravity. The other low example (- 5) has not been retested. 
A possible cx]>lanation of this deviation is given on page 334. 
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Coming now to the high hgiireR, F. J4l with a deviation of fiS 
was re-anal3^sed and found to give a deviatioji of (11, so that evi- 
dently this higli ligure is not <iue to any error, but is ])artieular to 
tins coal. 

Dr. Fox suggested to me that the departure of some of th(‘SO 
coals from my rule inight be due not so mueh to dilTcrences in the 
ediaraeter of the earbona(-eous substance as in the composition of 
th(j ash. To t(^st t.his I seleetetl three specimens, namely, one Korea 
coal conforming to rnh*. (K..‘> ; j 1), one Pokaro e.oal conforming 
to rule ; 0 and 2), and the high gravity Pokaro coal 

(K. Ill ; (-8 and } II). At Dr. Pox’s itHpiest, Mr. Dawes Rtibinson, 
f'hief (Chemist to the Dengal Iron tVe, Ld., viuy kindly hail tin* ash 
of the.se three s|)(‘cimens analysed m his laboratory. 'Fhe n'siilts 
are as follows : 


Tauce W. ~ Anah/sts of a sit of coals [noth Korea aiid fio/.aro. 



kioa.sia (m ti. 

l’oK;|i u. 

Koira. 



NiimlxT of 

K :i : 

K. mo : 2:^ 021 

IM n : 'J:\ !M7 

llir IM\ It \ 

1 1 IS 

1 lOO 

i OS7 

J*roxniijilc ^i,s . 




iMoistun* ..... 

ISO 

I 00 

0 00 

V’l'l.ldlr iiiAin-i .... 

27 on 

20'T1 

20'.»7 

l'’l \l*<l 1 .irljnii .... 

.i2-4o 

.77- lo 

71 :is 

A^^li 

1.7 71 

IS'.M. 

21 1.7 


moon 

loo 0(J 

100 oo 

-- — . — - - - 




of ;lsh ; 




SiO 

01 '20 

.72' 10 

;;2 00 

AI,03 


11-00 

I2';j7 

1A‘ 

;i'7i 

;j 7 1 

10 sO 

Cm!) ' 

O' 10 

1 -00 

1'20 

...... 

2 ;i7 

0 7t» 

2':;7 

SOi 

0'0‘J 

O'OO 

0 OS 

IV >5 

O'O!) 

O'OO 

I'.iO 


mo '07 

'.)0'77 

mo 0.7 

a.sli 




(1 - 

]-27 

J'27 


JOU 







_ 

. 

Doviation from .slamiarU’’' 

- 1 

■1 1 



* J '2S for Korea, 1’2() for Jiokaro, 
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From t)u‘8e anjilysoH it will bi». w^oji that tlio first two are normal 
c-oals with speritic gravity i^onforminf^ rlosoly to the rule, but that 
ttie tliinl analysis with a deviation from the standard of +8 con- 
linns tin; two previous analyses of F. Ml. The r<‘ason is seen to 
lie, as Dr. Fox sut(^esied, in the different (;o]npositions of the ash. 
K. .‘i and F. Joff liavt; irlentieal ferrie (»xide (.‘5-71 per cent.) and nearly 
identieal total silica plus alumina (0*5 per c(*nt.). F. Ml, the ab- 
normal coal, has nearly 17 per cent, of feriie o\i(h‘ and only 75 per 
eiMit. of sdi<’a plus alumina. We set* now that F. I 11 ovv(‘S its hi^di 
s|)ecili<; gravity to unusually high contents of iron oxitie- - amount- 
ing to over d per c(‘nt. of the Muught of the coal. 

W(; may, 1 think, h'gitiniately thsliice from those figures that 
tlie rid(‘ vve have tiiscovered connecting sjjecilic gravity and ash 
coni (‘fits of Kt)r(‘a, and hokaio coals a,[)]>lies j)articularly to eases 
wlu‘re, iht; ash con1<*nt is rnaiidy comprisetl of silica ami alumina 
(in fa,ct tlt'h v<lratt‘<l clay) with only low iron (*onlen1s , and that a. 
high density n‘lativ(' to that retjuired by our rule intlicat<‘S an ash 
of higlur (h'usity than usual, no douht almost always fliM' to the 
pr(‘sence of a eompound of iron, \vhi<*h I have, ind(;e«l se(;n on S(‘vera.l 
occasions as red s|)ots of lienialiti; in (‘ertain Rokaro coals. 

We have jiow plained tin* three high [)osi1iv(‘ figures alcove 
tin; o ) % ash liru; in ta,hl<* 2 : the colour »)t tin; ash ri'corded in two 
cases d.irk reddish brown and dark grey (? r(‘ducing atjnosj)lH*re) 
may b(* taken as concordant. If tin* siualhu’ iigur(‘S of | 1 r(Ha>rded 
in three cases an* du(* to a. small exi-ess of iron oxide, the afuount doj*s 
not aj)pear to have been (‘iiough to a1h*(’t tin* recorded colour of the 
ash. 

Tin* seriously large negative ligure ( M) has been exj)la,ined 
as ])robably due to an error and wc* can th(*n;fon; c,onlidently ridopt 
our rule for future use. 

'I'he rule is that for Korea and Lokaro (;oals (Rara.ka,r serii’s) there 
is a dellTiite mmu'rical relationship b(*tw’een ash contents aiid sj)e 
cific gravity. If (j denot<; the specific gravity of tin*, coal, a the ash 
contents, and /: tin* s|)eeific gravity const.ant of pure coal, then 



or a - 100 (g- /). 

For Korea coals k 1‘28 ; for Bokaro coals k ^ 1*20. For each 
field k should be separately determined, but in cases where this 
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lias not (lone it would perhaps be better to use the Bokaro 

(!OT)8tiiiit, because it is based on a much larger number of analyses 
than the Kon^a constant.^ 

Tlie (M)nstant can, however, be d<'termined quickly and directly by 
pi(*kijig out as pnrti a specinnui of bright coal as })OHsible, and seed- 
ing it to a laboratoiy for ])ro\imat(* assay and specific gravity deto- 
inination on tlie sairu^ material. 

In Pla1(‘. both th(‘ Korea and Bokaro results are plotted to 
scale, with s])eciiic gravities as ordinates and ash cont(‘nts as 
abcissjp, the ])oijits Tepres(‘nl.ing th(‘ Korea data being distinguished 
by circles. Discussing only the Bokaro data and conlining our- 
selves as hitherto to coals (uj) to 50 })er cent, of ash) wc see that 
tin' nia.jnrity of the. rc'sults (‘on form quite closely to a straight line 
hiw with origin at I 'JG. Tim three points that lie some distance 
above this lim^ (ash 24 to 21) per cent.) repr(\s(Mit the three analysi^s 
of tln^ higli iron coal K. Ml, The one spot rather far Ixdow is the 

* 'I’b.it (Ih! vnlurs of fliiH oonstsiiit a<fo]»trU for Korea and Uotaio tculs resi c«;tively 
dilTor ni.iy l><‘ diu; to tho fact tl)at Uh' Ktuea fifrmo is based oji only 7 nnalybos. Rut 
(■Miii-idrralion ol the K<irea dala enon in lahl<‘. 1 makes out* ])r(*fer to adt)[»t tlu* \iv\\ 
tliat t.lie dilTereiice actually e\jstH. 'tin* eniioiis jKMiit then is that the it>als with tin* 
lii'^hi'i' nioi.sluM*, naiiiels tho.st; of K ona, ha\o the higher fuiulanientnl Hjrcilie ^^ravily 
ol ili<* hJiialU'i. 'I’liiH sueK'V'l^ ‘‘ j'arallel lelaiioiuvliij) Ki\\rt‘n moistuie contents 
and sftei ilic a, Mij/L'e'du'n that |•^ (•el\e8 hU|tj)oit irtiin data T‘ei>i’<*F<'ntjnj^ (wo s| e- 

cinieiis (»1 <oal et»lhM ted hy uio in tlie Island oJ iSKu* .some jeais ojzo. M he i)roxiniato 
.‘Hrd\K*s anil s|)(‘('irn- f*r;\\jties are ;jneii in tiu* l’o]|r>w iii'^ ia](‘i (p. fioin whidi it. 

will h(! s(‘en that with inoi,';turt^ eamtonts still hijilit'i* than ili.it oi the Koiea coals, the 
}^k\o et>ajs |j;ive also a hiL'her s].et ilie ^ra\lt^ tonstaiit for pine coal, namely l-:in and 
|■■^2, ora nie.in of It is (riu* that the eojourtdihe ash is recorded aa lij.di( Inown 

and hiowji ies[e< tiNtly, hot tlie total pereentioje tif ash is siiiall, and tahnlatioii slit.ws 
that, iisin^ (In* ash jien cut ji^-e and sporilic yraMiy fi|.!nres attuall;^ iletpimiiied the ^aJu<*H 
of k eahidatetl fiom tlie first ( oal are I'.'JI.'i and I'llU.'l aieordiiijz as the sp.eeilie pravii} 
ot the ash ((mteiitH he taken as ,‘VU ainl TrO. The facts for llie tliiec .sets of eoaJs may 
hr siiiiirna,ri,‘.ed as lollovv.s : - 


JjfK ality. 

Niimlier ol 
analyses. 

1 Moistiuv. 

1 . 

Speeifie gra\ity 
eonsiant (/ ). 

Ilaiige. 

Average. 

Ihikaro . 



2:i 

U'lO— 2-24 

(cur> 


Korea 

- 

. 

7 

:C47-- l)-80 

5-r»8 

1-28 

Skyo 

• 

• 

2 

1I'4I 11-72 

Ji-r,c 

j-;4i 


The Higiiificauoo of this painllel lelationship is diFenssed in fc'ection VIII of this 
paper. 
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- 5 r,oal P. 112. Tin*. Koiva coals arc also sutriciciitly close to the 
u[>j)<;r sf.rai^'ht lio<^ with origin at 1*28 except the --*7 coal No. (LN. 

VV<* may say then that for coals (as ilistinct from carhonaceous 
shales) th(i diagram sliows that for all practical purposes we may 
ac(,ep(, a straight line l.i.w for the ndatiojiship helw^een ash contents 
and s])(‘eilie gravity as is reipiire^i hy the formula already empiri- 
cally d(‘dnced al)OV(\ 

Let. us return now to our table No, 2 and consider the analyses 
(■on‘rs|u>nding to e.irbon.Ms^oiis sub.sta.nees with more Uian hO ])er 
eimt.. of ash carbojiaeeoiis shales of vuirious sorts in fact. Krom 
column it it will be seen that they invariably show a positive devia- 
tion from the sta.ndiU‘d specilie gra.vity when t-reatiwl ac.c.ording to 
the ruh‘, and tJia.I. on the avmage this di'viation inc.ri'ases rapidly 
with imu'easing ash (ontents so that wii.h t>t> per (amt. of ash it is 
18, witli 71 per cent., il. js | ID and witli 87 per cimt. it is -j 10 . 
The beginning of this diwiation was p(‘rhaps indicated by tin' last 
two coals with deviations of | I and ] 2 r(‘sp(‘c1.ivtdy, but th(*se 
devial.ions ma.y b(‘ (nily confmiuable in sigmlii'amM^ with those' 
shown higlmr up on th<^ list of coals. On K'huring again to our 
diagram it will ln‘ si'eii that on [dotting tli(‘se de.nsity-ash values 
for the carbonae(‘oiis sliales we liml that the curve is no longer 
a straight line. 

If we assume that tin; last determined point on our curve, with 
tl - 'J'oS, 87* I per c<mt. of ,ish and 12*0 jx'r cent, of t;(da.l volatiles, 
is a sini[)le mi\tur«‘ (»f shah* of 0 anil coal substama' of (1 - I LMi, 
then we tind that the specilie gravity of the shall* portion is d’Ol. 
This i.s, of c.oursi*, a higii (igiire for shale, but it givtts us a maximum 
[)oiiit for tlie ti'niiinatioii of our curve on tin; ordinate corresjiondiiig 
to Jot) [>(*r c.ent.. of a.sh. 

IV.- HXPLANA 1 ION Of* THH KMPIRICAL OnNSri Y-ASH RULK. 

Jt appears tlnui that wv liave disco vi'rt'd an em[)iri(;al rule con- 
neediug the siiecilie gravity of coal and its ash contents tliat applic'i 
closely to (;oals containing up to 50 jier ctait. of a.sh, but whirdi does 
not apply to the carbonaceous sul)st.ances containing over 50 per 
cent, of a.sh, i.e,, to carbonaceous shales. It is desirable, if [lossible, 
to discover the reason for this empirical rule and its limitations, 
and also what is the theoretical rule. 

Lot us inv(‘stigate the case of a series of mixtures of jiurc coal 
of specific gravity li (our constant) witli a uon-carbonaceons diluent, 
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which we may regard as shale of specific gravity s. As before, g 
stands for the specific gravity of the impure coal or carbonaceous 
shale and a for the percentage of ash or shale in the coal or carbo- 
naceous shale. It is evident that 


from which wo find that 

, = . ( 2 , 

100 

We can now consider three cases. The first is that in which our 
empirical rule 

a = 100 ig -Jc) (3) 

is assumed to hold for the whole range from 0 to 100 per cent, of 
ash or shale. Siibstitutiiig this value of a in equation (2), we find 
that 


The following ta])le shows the values of g and s for each 10 per cent- 
of ash from 0 tt) 100 : — 



It is obvious that the specific, gravity of the rliluont ‘ ash ’ can- 
not vary continuously (from 6 J1 to 2-20) with the percentage present. 
Nevertheless the relation' 

a - 100 ig—k) 

is found empirically to hold over the range of ash contents from 
0 to 50 per cent., as if, therefore, the density of the ash does range 
from 6-11 to 2*92.' The -figures in the above table have, therefore, 
been plotted as the curve CE in Plate 27. We shall see later what 
significance they have. 


c 
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TJio second ease is that in which our empirical rule (3) is still 
assumed to hold for the whole range from 0 to 100 per cent, of ash 
or shale, Init in which we allot a constant value to the specific gravity 
s of the ash or shale, and investigate what variations in the 8pecifi(5^ 
gravity of Ih- (Tganic matter are necessary to give the linear rule. 
Taking v as the specilic gravity of the organic matter (vitraiii^ H 
vegetable detritus) and substituting it for Z* in equation (]), wc find that 


I’ 


(loo-fl) X 


3 '^ 

100 6- ag ' 


and .substituting the value of a according to crpiation (3), 

s-g{g-h) 


The following table shows the value of g and v for each 10 })(*r 
cent, of ash from 0 to 100 (1) if s~2*6, and (2) if .s‘“-^3*0 - 


9 2 6 

.9=3 

a 

9 

V 

a 

9 

V 

0 


1 26 

0 

1 26 

1-26 

Ti 

1*31 

1277 

5 

I 31 

1-272 

30 

1-30 

1'293 

10 

1 36 

1-283 

20 

1 46 

1-310 

20 

1 46 

] 294 

30 

1*50 

1 332 

30 

1-56 

1-294 

40 

TOO 
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40 
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r.o 
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1 330 

50 

1 76 

1 245 

00 

1-86 
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60 

1-86 

1-185 

70 

1 00 

1 245 

70 

1 96 


80 


M25 

80 
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00 

216 

osm 

1 00 

2 16 

0614 

95 

2-21 

iy&i^ 

95 

2-21 

0-368 

100 

2-26 

0 
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2-26 

0 


Taking .s* 3, the corresponding values of v have been plotted as 
the curve AK in Plate 27, As the linear rule holds only over the 
range of ash contents from 0 to 50 per cent., avc arc concerned only 
with the range of density of the organic matter from 1*26 through 
1'294 to 1*245. If the organic matter could be regarded as composed 
of vitrain only, we could hold, as with the ash, that the specific 
gravity of the vitrain could not vary continuously with the per- 
centage present. But the organic part of this coal probably contains 
two types of substances, namely, vitrain and vegetable detritus 


^ fcJeti {Section VI, page 33<3, 
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(sec p. 344), and if the latter had a higher specific gravity than the 
vitrain, then the specific gravity of the two should increase with 
increase in the percentage of vegetable detritus. This assumption 
would not, however, explain the subsequent decrease in specific 
gravity, and consequently again it seems necessary to deduce that 
the specific gravity of the organic portion of the coal does not change 
continuously with the percentage thereof present. 

The third case is that in which we assume that the various 
coals and carbonaceous shales may be regarded as mechanical 
mixtures of pure coal of specific gravity k and shale of specific gra- 
vity $, From equation (1) it is evident that 


100 

0/ I 100 — d 

~k 


(B) 


Assuming various values for the specific gravity of the admixed 
ash or shale, we can calculate the specific gravities of coals and 
carbonaceous shales ranging from 0 to 100 per cent, of ash or shale, 
and compare the results with those required by the empirical rule and 
with those actually detennined by ex])erirncnt. These values have 
been calculated for the values of s from 2 0 to 3*1. ft is unneces- 
sary to print them here, but the deviations of the figures so calcu- 
lated from the specific gravity figures required by the empirical 
rule are shown in table 4 on the next i)agc. 

AVe have to decide which of these calculated sels of deviations 
agrees best with tlic facts. Our curve OB in Plate 2() expresses 
the smoothed results of experiment, and from this have been 
taken the figures given in column 8 of our table 4. 

On comparing the deviations given in column 8 with the devia- 
tions for various assumed specific gravities of admixed ash or shale, 
we observe that the closest agreement is with the deviations for 
,<5 = 3*0. This we might have anticipated, as our ciurvo OB in 
Jiate 26 terminates at about 3*04 for 100 per cent, of ash. 3'0 is a 
high figure for the specific gravity of ordinary shale, but it is that 
which suits best our data. In Plate 27, I have, therefore, inserted 
the curve AF showing the specific gravities for admixtures of pure 
coal of A: = 1*26 and pure ash or shale of s = 3*0. It will be seen 
from the diagram that this curve AF cuts the curve AE representing 
our empirical rule at H corresponding to about 45 per cent, of ash. 
There is not room to re^plot on this figure the curve OB of Plate 26 

c 2 
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Tablk 4. — Deviatiojis of (yitcMl/iled specific gravities of coal and car- 
bomccous shales, with different assumed specific gravities of ad- 
mixed ash or shale, from sjyecific gravities required by the empirical 
straight-line rule. 
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reprosontiug th(? experimental factrs. But if so plotted it would 
coincide throughout neither with the theoretical curve AF (based 
on 5 = 3*0) nor the empirical curve AE. Above 45 per cent, of 
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ash it would, it is true, coincide almost exactly with the prrtion 
HF of the curve AF, but below 46 per cent, it would coincide witu 
the portion AH of the curve AE. 

The agreement of facts with the curve AF above 15 per cent* 
of ash indi(;ates that above this point we are dealing with mecha- 
nical mixtures of coaly matter and shale. One would have ex- 
pected, therefore, that the data would continue to agree with the 
curve AF below 45 per cent. The fact that in the majority of cases 
they do not must have some significance. One possibility is that 
below 45 per cent, of ash the specific; gravity of the ash conform .s 
to the curve CE. This seems inherently improbable, especially in 
view of the ash compositions given in table 3. We must accept the 
likelihood, therefore, that the specific gravity of the ash of coals 
with less than 45 per cent, of ash is not in normal cases higher than 
that of coals and carbonaceous shales above 45 per cent, of asli. 
Another possibility, namely that the specific gravity of the organic 
portion of the coal might vary according to tlie curve AK, has already 
been rejected. Our facts appear then to j)rove that the ash 
contents of coals with less than 45 per cent, of ash is not 
present, at least entirely, in mechanical admixture with the 
carbonaceous matter : insti'ad they appear to prove that the 
association of carbonaceous matter and inorganic nuitter is 
accompanied by decrease of volume, suggesting iluit at least a 
portion of the ash contents of such coals is in chemical or 
physicAil association nifh the carbonaceous matter. In section 
VIII of this paper it is suggested that the data are explained 
adequately by the assumption that the particular form of association 
is colloidal ; decrease of volume is a characteristic of many colloidal 
systems. 

V.— SIGNIFICANCE OF THE EMPIRICAL RULE : CONTAINED 

INORGANIC MATTER PARTLY IN CHEMICAL OR PHYSICAL 

ASSOCIATION WITH THE COAL. 

It is not possible from this statistical investigation to show 
whether the wholt; of such inorganic matter is in such colloidal 
association, or only a portion. But the space between the two 
curves AF and AE between the points A and H is a measure 
of the condensation that has accompanied the admixture or asso- 
ciation of carbonaceous matter and inorganic matter, and if with 
the lower-ash coals all the inorganic matter is in colloidal asso- 
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ciatiou with the organic matter, it seems likely that with the de- 
creasing total condengation indicated for ash contents in excess of 
30 per cent. (.9 r_= 3*0) to dO per cent, (s = 2*6), the proportion of in- 
organic matter in colloidal i.ssociatioii with organic matter progressively 
decreases.^ If it be objected that the specific gravity of admixed shale 
upon which the curve AF is based, namely 3*0, is too high for 
Jiormal shale, the answer is that if a lower figure be selected, say 
2*6, the space sepaniting the two curves AF and AE between the 
points A and H becomes wider, indicating a still greater degree of 
condensation. 

Attention may now be redirected to the two analyses (F. 1^9 
and F. 112) in table 2 showing minus deviations from the rule. These 
deviations have been insertcid in brackets in column 8 of table 4. 
It will be seen that they occur at points corresponding roughly 
with the maximum minus deviations for calculated mixtures. These 
analyses liave not been repeated ; but it seems possible that such 
deviations may not be errors, but may indicate instead coals in 
which admixture of carbonaceous and inorganic matter has not 
been accompanied by reduction of volume. The — 7 Korea coal 
with 3()*60 per cent, of ash may also be cited. 

From Plate 27 we see that (iven if our coals conformed to the curve 
AF below the point IT as well as above it, their donsity-ash relation- 
ships wmdd be sufficiently close to those pertaining to our empi- 
rical rule for the latter to be of practical value for coals as distinct 
from carbonaceous shales. Actually we see that the empirical 
rule appears to be the closer to the truth for the range 0 to 45 per 
cent, of ash, indicating the colloidal association between the car- 
bonaceous and inorganic matter discussed in Section V"11T. 

In my memoir on the coal deposits of Korea, I suggested that ^ 

‘ '.riio bright coal ia the purest, and, judging from its brilliant oonchoidal 
fracture, is of the nature of a colloidaP substance which lias in some way 
segregated chemically from the admixed earthy materials that give rise to 
the greater proportion of the ash of the coaL* 

’ In other terminology, wo may be approaching the concentration limit of ash as the 
disperse phase. 

Mem. Q.fi.L, ALl, p. ISO, (1914). 

® This was not, I tind, the Mr.st suggestion of the colloidal nature of the bright coal 
substance. H. noted the colloidal nature of humus in his work * Dio rezenien 

Kausto-hiulithe u. ilii'e Lagers tatteu’, Ahhandl. <1. K. Prevsd. Oeol. Landesanstalt, Ncue 
i'olue. Heft II, p. .‘1, (1911). 

Slopes and Wheeler in their paper on the * Constitution of Coal Dejwrt. of 8cien- 
tilic Industrial HeH(*aivh, p. 19, (191S), mention II. Winter ns believing in the eolloidal 
u Um'.' (d coal, (piotini' Qlurlcauf. Vol. 49, pp. 1409-1413, (1913). 
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The view that this bright coal is a colloidal substance seems 
now to bo meeting with general acceptance^ and many close obser- 
vers of coal must be prepared to accept the idea that such coal has 
clarified itself by chemical segregation. In the same memoir (i.c., 
p. 187) I give a case of the fonnation within ])right layers of coal 
of concretionary segregations of lithomarge, and hail these as 
giving force to the view that the bright coal has been formed by 
colloidal segregation. This observation concerning lithomarge is of 
special interest to us now as showing that during the formation of 
coa], mineral matter may itself be in a state of sufficiently fine 
subdivision® to enable it in cases where it docs not segregate from 
the carbonaceous matter as in the Korea case just cited® — to enter 
into the intimate chemical (or physical) association with organic 
matter that seems to be indicated by Plate 27. 

If we accept the probability that the inorganic matter in 
coals and carbonaceous shales may be partly present in col- 
loidal association with carbonaceous matter and partly in 
mechanical admixture, then we appear to arrive at the important 
conclusion illustrated in Plate 27 that in coals with ash percentages 
of 0 to 45 colloidal association between the carbonaceous matter 
and the inorganic matter plays a significant part, whilst for enr- 
bonac/cous shales above 50 per cent, of ash mechanical admix- 
tur (3 predominates and colloidal association of organic and inorganic 
matter, if it occurs at all, is not of importance, 

A reference to table 4 will show that had our curve AF in Plate 27 
been based on s 2*9, which agrees nearly as closely with our 
experimental facts as s -- 3*0, the curves AF and AK would have 
crossed at 50 per cent, of ash. It appears, therefore, that in select- 
ing 50 per cent, of ash as the dividing point between coal and shale 
(see p. 328 and diagram, Plate 20) we have selected on arithmetical 
grounds a point which agrees closely witli that marking a significant 
difference between most coals and most carbonaceous shales, 
namely colloidal association of organic and inorganic matter in the 
one case and mechanical admixture thereof in the other. 


^Seo, R. H. Bogue, ‘The Theory and Application of Colloidal Behaviour 

Vol. Jl, p. 611, (1024). , „ . . , . . 

“ On high degree of disiieraity m the terminology of colloid ohemwtry 
Auil is nol ahx'iuly in i hcniiral (^onihiTuUiim with plant tisJOK M, 
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VI.— NOMnNCLATURE OF COALS. 

In column 13 of table 2, T have entered the descriptive name 
attaeJnid to each syx'cinien at the time of collection, when it was 
examined in tlie freshly fracitunxl condition in bright sunlight. 
It will be seen that a grc'ut variety of descriptive tenns were used. 
A comparative examination of fill these specimens shows that they 
can be arranged into the groups shown in the following table : — 

Tablk r*. Groujnag of BoJearo coals according to appearanccy ash 
cmitents and, specific gravity deviations. 


Spooifle 

giavlty Interpretation, 
(levliitlon. 



1. Bright coal Hiib»tanco 


II. Silky coal with bands of 


groasy-instred coal without 
bright coal. 


111. Granular coal 


IV. Shaly coal grading Into 
coaly shale. 


V CarbonaceouB and ni.c.< 
shales. 


Fifld 

nunilier. 

Rook 
rcgl^f er 
riiiiubr-r. 

Ash 

content f». 

r F. 377 

23 906 

2 31 

1 

V 377 

23 im 

2-50 

L F. 114 

23 026 

3 61 

F. 116 

23 928 

7 2.5 

F. 379 

23 997 

13-39 

F. 109 

23-921 

1386 

F. 109 

23 921 

18-42 

F, 109 

23 921 

21 79 

F, ].'>0 

23 954 

27 71 

F. 130 

23 043 

.32-93 

B\ 138 

23-942 

3611 

F. 175 

23 066 

39- 11 

1 F. 175 

23 966 

56 35 

r F. 141 

23 945 

24-45 

{ F. 141 

23 045 

25 88 

( F. 141 

23 946 

29' 15 

r F. 112 

23 924 

27 61 

F. 142 

23 946 

30 47 

F. 167 

23 962 

1 

44 52 

F. 140 

23-944 

49 00 

( F. Ill 

23-923 

61-95 

F. 364 

23 984 

54-40 

F. 181 

23072 

GO 62 

F. 181 

23 972 

68-53 

F. 04 

— 

74-12 

[ P. 170 

23-063 

87-41 



Silky coals (duiain) 
I w’lth niacroscoid- 
eally visible v li- 
ra in. 


Dull silky coal (dii- 
rain) with some vit- 
rain. 

\du 11 greRsy-liistred 
J coal (duraln). 


Fcmiginous coal of 
duraln with vit- 
raln. 


interbanded vitrain 
and carbonaceous 
shale. 


Caibonaceotu shale 
(trace of vltrain 
In F. 181). 
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Wh(Mi these spocimeus were originally described, Dr. Marie Stopes 
had not proposed her four names for varieties of bituminous coal.^ 
I did not myself feel any sjiecial need for such a scheme of nomen- 
clature, but I have nevertludcss attemj)t(?d in the final column above 
to make use of her terms where possible, ‘ Fiisain * or ‘ mineral 
charcoal ’ is sometimes yircsent in films on the bedding planes of the 
coal, but is unimportant. Clarain I cannot identify in these 
coals,- 


Groups I & JI. — Bright^ silhy and greasy-lnstred coals. 

I have accepted the bright coal substance forming group I above 
as vitrain and specimen F. 175 in group TI ns (hnain ; assuming 
that these identifications are correct, the remainder of the coals in 
grou]) I ajipcar to be mixtures of vitrain and durain, the macros- 
copically visible vitrain becoming less abundant and the durain 
more abundant as the ash percentage rises. Such vitrain is impor- 
tant in quantity only in the first two spcc’imens. As the pc^rcentage 
of macroscopieally visible vitrain falls, the lustre of the durain 
itself also gradually changes from rather bright silky to dull greasy- 
lustred, possibly with the decrease of miiTOscopically present vit- 
rain. At the same tinn^ the tint of the durain becomes Jess black 
and more grey. Thus F. 109 is blacker and more lustrous than 


^ Proc. Hoy. Hoc. London. *Ser. B,, Vol. XC, ej'. 47l)-48l>, (191U). 

from T)r. Stores’ (los( ii]ition8, durain and clanun aie only inixtuit's of 
vitrain ond \o;j:otal*lo dobns, olarain tontaming a lai^or rmontagu of \iiiain tlmn dw- 
rain. and a amaJler jmrcciitage of vo^ctablf debus. In addifum ll ere is a difleiencc 
in tho clmraettr of the admi.ved vegetable Cebriy, Ibis <icbiis in tlie duiam eontuining 
a higher iwrcentugo of Rporcs tlian that in the clarain. Jl seen s, tIicnf(Mc, imstihle 
for durain to grade into clarain, the lusliv. hecoimng iiicrca.suigl> hi^-ht aa ll.o j-eicon- 
tas^e of vitrain iiu;i*ensf.s. Tho lustre of the duller coul se|mratujg the vilrain hsiuinaj 
in .spoeimons h\ IIC and h\ .*J7l) docs not however, apjicai tn mo blight enough to jius. 
tify referrinu this coal to clarain as dcscni.cd by Pi, J^topes. This note is iribertcd Ic- 
causo it seems to mo unliivciy that I haM* mipsed any const ituont in the IJokaro iMjaJs 
that occurs in any iihuudaiu e. Mr. \V. KumlaK, howexor, in In's study ol .Ihana coab 
which arc; very similar to tho Boharo coals, evidently leco^ciiised wlmt he took to ho 
clarain (see He.''. (LtS.I., LVM, ]i. In the table of ash contents given Jhaiia eJa- 

rain is shown as containing from 5-15 ])or cent, of ash and durain as containing 20-40 
per cent, of ash ; if ash contents and ^[ecl^ic gravity were the criteiia for distinguish- 
ing between clarain and durain, some of the ooalH in my vitrain-dnraiii reiies, sav K.l l(} 
l’\ .‘{70 ami 109, shoeld lie termed clarain. TJiat this would be an unsound* step is* 
iiidicatml by ref<*rring to the ialile of Kore.t (oals in which coal Mith hh little as 9 per 
cent, of jish is described as ‘ clull, silky ’ and is obviously not bright enough to be tern cd 
clarain. See also page 343. 
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F. 176. F. 109 also shows scaitoreil seams and specks of lustrous 
vitrain, whilst V. 176 shows none. 

Group III. — Granular coals. 

The one speriinou of this type is composed as before of vitraiu 
a)i<l duraiji in handed association, but breaks with a granular frac- 
tuni, due perhaps to tlie luethod of distribution of the high iron 
contents revealed by analysis. 


Group IV. — Shaly cx)ah. 

Those consist of alternate bands of the briglit coal substance 
(vitrain) and black carbonaceous shale, the former falling off in 
quantity as the asli content rises, so that eventually this type be- 
comes a (.'oaly sliale. This is the typ(' of coal or shale that forms 
hard bands in th<i ICargali coal seam (No. 13) of the Bokaro coal- 
field. 


Group V. -Carbonaceous shales. 

These grade from types with lower asli which are dead black 
((carbonaceous shahis) into types that are slightly less black and 
are harder and show minute micaceous scales on the bedding planes 
(micaceous carbonaceous shales — m.c. shale for short). These shales 
occasionally show a trace of vitrain and by interbauding with vitrain 
pass into group TV. A great thickness of m.c. shale occurs a short 
distance above the K argali coal seam of Bokaro. 

A glance at the deviations of the specimens in these five groups 
from the specific gravity required by the empirical rule shows at 
once that they can be arranged into two sections, namely, groups I 
and II with zero deviations and groups III, IV and V with plus 
deviations. Thus it is the vitrain-durain series (groups I and II) that 
conforms to our empirical rule represented by the section AH of 
our straight line curve in Plate 2! and it is in this series that we 
must look for our combined or physically associated inorganic matter. 
Croup ITl shows a plus deviation on account of its high iron (sec 
p. 326). Th shales of group V conform to the section IIF of the 
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curve for mechanical mixtures in Plate 27. The shaly coals and 
coaly shales of group IV being composed of alternations of vitrain 
with a zero deviation and carbonaceous shale with plus deviations, 
naturally show a plus deviation also. 

In the present paper we are primarily interested in the specific 
gravity of the pure coal substance of the various coals studied, 
and it appears from the deviations collected above for groups I 
& II that it does not matter whether the coal is vitrain, or durain, 
or mixtures thereof : for the fundamental specific gravity of the carbo- 
naceous matter of all appears to be 1*26 (Bokaro), indicating that 
if there is any fundamental difference between these two substances, 
the carbonaceous matter, whether colloidal matrix, spores or woody 
matter, has, for practical purposes, in most cases the same specific 
gravity. 

A study of this vitrain-durain series shows in fact that for prac- 
tical purposes the coals of this scries from Bokaro may be regarded 
as formed from the association of two apparently (inacroscopi- 
cally) homogeneous substances in varying proportions. One of 
these is the bright coal substance (vitrain) represented by speci- 
men F. 377 with only 2*31 per cent, of ash, and the other is the 
dull greasy-lustred coal represented by specimen F. 176 with 39*37 
per cent, of ash. This latter type is the variety termed ‘ shale- 
coal ’ in my Korea memoir, and ‘ dull greasy-lustred coal approach- 
ing shale ’ in table 2 of this present paper. I quote here the 
paragraph in my Forca memoir referring to this variety of coal 
(Z.C., p. 181) : 

^ Tho (lull coal tends to possess a shaly .structure, and seems to gradate 
(soo analysis of table 1, for an intermediate stage) into a stony coal- 
shale or shale-coal of very distinctive apjiiearance. This is heavy (G 1*04), 
with a grey-black colour, almost bluish in the sun, a greasy lustre and a 
conchoidal fracture ; tho general appearance is that shown by some varieties 
of psilomelane. except for tho fact that this shale-ooal is commonly tluckly 
besprinkled with fragments of carbonised vegetable matter, and that it often 
shows small stringers and veinlets of bright coal. It tends to fracture into 
slabby pieces, but the shaly structure is not well developed. 1 refer to it, 
however, as shale-coal in this report. Its coiui^osition is well shown by the 
analysis of D. 154 in table 1.’ 

This dull greasy-lustred coal is represented by three analyses 
in the present series, two from Korea and one from Bokaro, which 
arc placed together in the following table ; - 
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Table 0, — Artah/brs of dull greasy-luslrexl coals or durain. 


Jvocaliiy, 


JJokaro. 

Xumbei ol specimen .... 


K.2 

F.175 


2fi-fi:i9 

27 432 

23-900 

...... 

Per cent. 
410 

Per cent. 

3 -SO 

Per (!pnt. 

0-98 

Volatile matter ..... 

1910 

22-28 

22'0.’; 

Fixed carhoM ..... 

43r»2 

3S-‘)fi 

37-00 

Ash 

33-28 

I .'U-OO 

39-37 

VoTAL 

100-00 

100-00 

100-00 

Specific gravity 

l'(>4 

1-Gl 

l‘G5 

Deviation from standard specific gravity 
(Korea 1'28 ; Uokaro 1*20) 

1-3 

o 

0 

Calurig proportioa .... 

Does not cake 

Cakes strongly. 


There appears to be siiffieiont resoniblarujc betw(3en the physical 
character and proximate chemical composition of these three spe- 
cimens to permit one to accept them as representing a definite 
type. The difYcrenccs in resj)on8e to caking tests may be due to 
the different moisture contents of the Korea and Bokaro coals or 
to the conditions under which the tests were carried out, and not 
to any important difference between the specimens from Korea 
and Bokaro. It may be pointed out here that all the Korea coals 
are high in moisture and non-caking, or nearly so, as is shown in 
the table of analyses on p. 31H.^ 

As one of these two types, namely the bright coal, must, when 
pure, be practically devoid of ash contents, it follows that the dull 

' Further, the two coals from Skye disfusRcd in the following ] u] oi (}>. 36ft), 'which 

nhow still higlier moisture contents, are alao in-ii-Laking. *Veo alno jwgo 349, and foot- 
note to page 327. 
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coal must contain the ash — in intimate association with the organic 
matter as already shown.^ 

With this dull greasy -lustred coal (omitting the enclosed mac- 
rosc()})ically visible fragments of carbonised vegetable matter and 
vein lets of bright coal) and bright coal itself, we have apparently 
two roughly homogeneous types of coal. There is also one homo- 
geneous type of carbonaceous shale namely that termed by me 
in.c. shale (micaceous carbonaceous shale) as represented by the 
analyses of F. 64 and F. 170 in table 2. It seems to me that the 
analysis of the data given on p. shows that with very few ex- 
ceptions the Bokaro coals and carbonaceous shales may be regarded 
as compounded of these three* types — bright coal (vitrain), dull 
coal (durain) and m.c. shale — sometimes in intcrlamination and 
sometinu's in more irregular and intimate association. ‘ Mother-of 
coal ’ or ‘ mineral charcoal ’ (fusain) may occur in any of the types 
in thin films. The Korea 8i)ecimens collected contain only 
the two first type's mentioned, slialy coals and carbonaceous shales 
being absent. Tii addition macroscopically visible inorganic matter 
may be present, e.g.y lithoinargc coiieretioiis in Isorea coal and 
red lu'inatite concretions in some Bokaro sp(’(;imens. 

Tlicse views concerning the composition of the (;oa)s of Korea 
and Bokaro bused solely on a study of their proximate analyses, 
density, and maeroseopic characters, arc in accord with and receive 
support from the work oi other observers, who, studying coals of 
other localities, have subjected their material to microscopic and 
chemical exa.mination. 

Thus A. Du})arcpi(i-, applying the metallograpliie microscope 
to the study of polished and etched surfaces of coals from the norili 
of France, arrives at the following conclusions® ; — 

‘ observations oxpoh^cs preeerk'inmcut j)ermotU;nt do cojioliin*, 
qu’aliBiradliou faito do la subHlatico iuin<'?ralo qii’ello contiont, la liouillo est 
formeo do doiix okmoTiUi microHC 0 |>iqin«.' 

1 But ultliougb thU dull coal is to the unaided eye honiogeneont it cannot be wgarded 
as a simple compound of bnglil coal with inorganic matter. AJicroacopic examination 
w'ould vloubtlee« ro\eul the prt’8ence ol plant ejititiea such us spores not visible to the 
naked eye. 'J'lic associated inoigunie mailer may in part be the original njinoial n. alter 
ot the plant conlHincd in these entities, but it in at Icaat in pari doubtloss of extraneous 
origin Bird, as inchealed on ]>. 347. in colloidal association with the blight coal biibatance. 
See also Depaiqne’s diagram pag»* 342. 

2 ‘ U's quHlre coiiatituantR de bi Houille du Nord de la France Soc. Ocol. du Nord, 
Annales, L, pp. 50-79, ^920). 

^ L. c., p. 70. 
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1. Des dibria c^gkaux do nature diff6 rente qui ho soiit d6i)09^H dans un 
pnunicr temps. 

2. Une auhalance fondnmenlale de nature coUdi dale qui est venue cimentor 
cos debris en passant succcssivement par Ics 6 tats liquidc, colloidal, puis 
solido. ©t qui derive vraisemblablomeiit do la degradation ultimo d’autn?s • 
debris v6g^biux. 

C’cst la nature des premiers, rabsence de Tun ou do Tautre, ou lour 
couibinaison, qui d6termincnt los quatre constituants macroscopiquos do Mine 
Stupes 

Then follow dofinitioiiiS of fusniii, diiniin, claraiii and vitrain 
and the following diagram (translated) illustrating the composition 
of each of these eonstitucnts : — 


FuS oin 


'Du ram 


Cloraln 


Vitrain 


Vitrain, it will be seen, is identical with the ‘ fundamental subs- 
tance.’ 

Professor Wheeler^ in a paper on the ‘ Chemistry of Coal ’ read 
before the .British Association arrives at conclusions that are prac- 
tically identical with those of M. Duparque, although expressed 



* Journ, Hoc, Chem, Ind., Vol. 46, i>p. 848-853, (1927). 
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in diflFerent tfTins. Considering both coal and peat lie states that 
two main ty|)(\s of material may be recognised : 

(a) ulmins 

(fe) plant matf^rials resistant to decay and to chcmic«al treat- 
ment. 

By chemical m(‘tho<.ls it is apparently easy to (dfeet a leady sepa- 
ration of the coal-nlmins from the r(isistaiit plant-debris, and thus 
eff(*ct a rational analysis of the several components of a banded 
bituminous coal. The results of such an analysis of the four (;om- 
j)onont bands of ffamstead coal are given as follows^: - 


- - 

illtiiiii 

compoiiiKLs. 

Oig.iniM‘(i 

plant 

oiitilio.s. 

Ilydro- 
carboMH anil 
rosiri!?:. 

(JciK'ral cliaracUir of 
jdant cntiticH. 


J’er cnit . 

IVr cent. 

J‘( r cent. 


Vitniiji . 

{)() 

.Nil 

4 


(Jlaraiii . 

02 

5 

;; 

CuIkIos and spoic 
rxinc.s. 

J)uiaiii . 

s:i 

ir> 

2 

Cllflr/i's, hpoi(* 
and uoo<iy ti^siios. 


20 

so 

.Nil 

Woody tissues. 


Omitting fusaiii as an exceptional type it is seen that vitraiu and 
(lurain arc the normal end typers and that clarain is equivalent 
to a mixture of vitrain and durain— in this case roughly 9 parts 
of vitrain to 4 of durain - durain itself being only vitrain with ad- 
mixed resistant plant debris and finely divided mineral matter. 

M. Duparque’s^ diagram confirms this view of the intermediate 
position of clarain. These results, therefore, of Messrs. Duparque 
and Wheeler support the view advanced earlier in this paper for 
Bokaro coals that omitting the unimportant fusain of ‘ mineral 
charcoal ’ we have to deal, m ]^)karo baJided bituminous coals, 
only with two fundamental constituents of organic origin, namely 
the colloidal ‘pure coal’ and the vegetable detritus, wliich' in 

' L, r., p. 850. 

• See also Dupaitiue, Lc., PlaiicL IV, fig. 14. 
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practice yield the end forms bright coal (vitniin) and greasy- 
lustrcd dull coal (diirairi). 

In 80 far as the iniueral nuiUor in coal re[>re9ents the ash con- 
tents of the original plants it is doubtless at least in })art j>resent 
ill the vegetable detritus still recognisable in the coal, and to this 
extent the ash contents of a coal may be roughly proportional to 
the amount of vc'getable detritus jiresent, although it must be re- 
mendiercd that the lormation of vitrain has involved the destruc- 
tion of vegetable tissues with release of associated Inorganic matter. 
It is doubtless in })art such mineral matter that is nowr in intimate 
association wdth organic matter as detected in tin*, prosimt resciarch. 
In addition, there may be ‘ ash ' or mineral matt(!r of extraneous 
origin in citlier the colloidal condition or in mechanic.al ad- 
niixtiiro. TJiosti considerations lead us to the conclusion that our 
banded coals are composed of four coustitueiits, whi(di are : ' 

(а) Aly ‘ bright coal ‘ of the nature of a colloidal substance’ 

- 1914 . 

Dr. Marie Stopes’ ‘vitrain’ — 1919. 

M. Duparque’s ‘ Substance fondamentalc do nature colloi- 
dale ’ -1920.^ 

Prof. Wheeler's ‘ ulrnin coin])ounds ’ or ‘ ulruins ’ (with 
hydrocarbons and r(*sins) - 1927.^ 

(б) Vegetable detritus or organised jdant entities (of which 

fusain may bo r<*garded as the end form). 

(c) Mineral matter in clu inical or physical association (c </. col- 
luid<il). 

{(i) Mineral matter in mechanical admixture. 

In practice these four constituents give thrci) main types ol 
roughly homogeneous carbonaceous substances, namely : - 

J. Bright coal (vitrain) coinj)osed of a 

2. Dull coal (durain) composed of a h -\- c 

3. Al. c. shale (‘ompused of <1 {a or h). 

VII.— COMMERCIAL CLASSIFICATION. 

This investigation seems to throw bght upon the general nomen- 
clature of coal. It also indicates suitable lines for the classitica- 

^ Fur an a( <.ount of the ‘ golco fumla moutale ' ui iJeituind (ISOS) and other French 
may be made to Sto^jch and W hcclti, /.c’., }). .'U. 

* Xia' term ‘ ulniin ’ wan proposed h»ijg ago as JS07 )»y T. IXu^mHon, and has been 
adopted by Stf»pos and Wheeler in pi-efeivim* to ‘ liunu<* hii tstances /.r., ji. 32. 
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tion of Boloiro coals for coimiiercial purposes. It is uiin**ces8arj' 
to discuss Ibis in detail. R(‘fercnce to the tabular statement in 
tal)le 2 and to the dia^^ram forinin^ Plato 2 indicates that the fol- 
lowing is a suitable classill cation of Pokaro coals for commercial 
purposes ; — 

Taule 7.— Co})vni(trcial classifuation of Bolaro coals. 


Asli cun lent . 

Descriptive naiiicH. 

roniniercial ohisHificatioii. 

l*or cent. 



0 — a 

J^riyht coals ..... 

First and second-class coals 
> dividing point 15 per cent, 

o 22 . 

Silky coals, u.sualJy with kriglit bands 

J ash. 

22 - 32 . 

iliindcd silky uiid sbaly coals. AJs(» 
j'ranuliir coals. 

Third-clas.s coals. 

33 au . 

iJiill (silky lu grcasy-licstjcd) coals ; 
banded blialy coals. 

Fourth-class toals. 

50— ()5 . 

(.‘oaly slialfa and carbonaceous slmlcs 

^('oaly and earbonacrous sbalis 

05 88 . 

.M,o. .slmles (iiiiea< eou.s carbonaicoiiH 
.shales.) 


The dividing point of 15 per ceint. of ash Itetwetai hrsl and se(‘onil- 
class coals does not arise from the inv<‘sti;ral ion in thjvS paper, but 
is i)as('d on custom ajid what is Jeasiblo with Bokaro coal. This 
classillcation is also suitable for the Korea coals as indicated in column 
15 of talde 1. 


VIIL COALS AS COLLOID SYSTEMS. 

In the preceding sections of this ]>apcr the dtjductious drawn 
arc based upon the actual cxpinimental and obscrvaticmal data 
accumulated. Incidejitally, however, relerence is made page .TM to 
a former Biiggestiun of mine (1014) that the bright coal (/.c., vitrain) 
of Korea is a colloidal substance, and this idea is now applied also 
to the vitrain of Bokaro. Reasons are advanced in support of 
this suggestion, but they arc not sulKcient to prove its correct- 
ness. Since this paper was sent to the press I have given further 
consideration to tliis point and it now appears to me that the 
statistical data contained in this paper tliemselves provide strong 
evidence of the colloidal nature not only ol vitrain, but of the vitrain- 









34G liecords of the Geological Survey of India, t Vol. LX. 

diirain series. It would cause inconvenience now to attempt to 
Tijodify the text throughout in conformity with this view, but I 
])roi}08e in this additional section briefly to indicate the manner in 
which the data given in the body of the paper can be explained in 
the light of colloidal systems, and in the following additional section 
(IX) to indicate the light that may be thrown uj)on practical 
(piestions connected with coal if one accepts the view that witli 
some coals at least we are dealing with colloid disperse systems. 
This separate treatment is all the more appropriate because the 
data collected in tliis paper were obtained without any reference to 
the principles of colloid chemistry. 

In the previous sections of this paper it has been shown tlia^ 
the Bokaro coals are made up of four eonstituenk ; — 

Organic — 

(а) Vitrain, 

(б) Vegetable detritus, 

Inorganic-* 

(c) Mineral matter in chemical or physical association with 

organic matter. 

(d) Mineral matter in ineohajiical admixture with organic matter. 
The intimate manner in which tliese constituents appear to be 

associated in coal renders it possible to regard these various asso* 
ciationa as disperse! systems. Disperse systems are in their sim- 
plest form two phase systems of which one phase is known as the 
3 ontiniiou'- phase (or dispeision medium) and the other as the dis 
perse phase. Each of these phases may be either gaseous, liquid 
or solid. According to the size of the particles of the disperse phase 
the system is described as (1) a molecular dispersion (true solu- 
tion), (2) a colloidai dispersion (cmulsoid or suspensoid), (3) a coarse 
dispersion (emulsion or suspension), the range of size of colloid 
particles being roughly 0 0000001 cm. to 0-00001 cm. in diameter. 
Of these the molecular dispersion is an apparently homogeneous 
?vstera, whilst the other two are heterogeneous systems, the particles 
ol ihe colloid being ultramicroscopically visible, and those of the 
coarse dispersion visible under the microscope, or even macrosco- 
pically. In emulsoids and emulsions the disperse phase is liquid 
and in suspensoids and suspensions it is solid. 

Of the foiu* constituents of our Bokaro coals as listed above, 
we cun treat (t), (c), and (d) as acting as dispei&c phases and (a) na 
a dispersion medium. 
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The aspect of coal that has been specially considered in this 
paper is the relationship of specific gravity to ash contents, or, in 
other words, of density to degree of concentration of the disperse 
phase. In the case of a coarse suspension, which is one form of 
mechanical mixture, the specific gravity of the syst(?m can be cal- 
culated from that of the two phases on the assumption of no change 
of total volume. But, in colloid solutions, owing to the fact that 
the disperse particles are so small that the ratio of surface to volume 
JH large, so that surface energy comes into play, the specific gra- 
vity of the system cannot be so calculated. In fact with botli 
colloid and molecular dispersoids, the deusity of the disperse system 
is different, usually higher, than for a mechanical mixture of the 
two phases, indicating that the association of these two phases 
has been accompanied by change of volume, usually contraction. 
In the case of molecular solutions, the density-concentration dia- 
gram is a curve concave towards the density co-ordinate. In the 
case of colloid solutions there is a difference between the type of 
diagram for emulsoids and suspensoids. Emulsoids give a curve 
concave towards the density co-ordinate, as with molecular solu* 
Lions ; but with suspensoids the density shows a linear increase 
with increase of concentration of the disperse phase, so that the 
curve expressing this relationship is a straight lino.^ 

With the preceding intioduction we can now mention that 
brieliy speaking the data already given in preceding sections 
of this paper provide evidence lor the following interpreta* 
tion : — 

(1) The coals of the vitrain-durain series of Bokaro and Korea 
form a series of colloid solutions (suspensoids) in which 
the vitrain is the dispemion medium and the ash conttnt 
forms the disperse phase.* 

^ ScL) Wohgau^ ‘A ilaudbouk ol CJolIoid CJhejiiifluy tiocond Euglislj 

kclil-ion, tiaiisliUod frujn the (jcrinan by M. 11. Fisiier, p. 121, (IblO), Later 
works on colloid chemistry give but little attention to density and eoncontratioii 
diagrams nml it is i)ossiblo that further rcbcauh imiy nut support Oatw aid’s criteiia %n 
tulo. Thus sonic emulsoids and gels may yield convc-s iuKU ail ul eoueave ones. hTirtlK*i-, 
Ostwald’s deduction that the density-concentration iclationship lor bUsprnsoi«l systom . 

IS linear as based on data relative to systems of low degrees of concentration (c.flf., 

4 4 per cent.). The present investigation relates to a type of system containiug up to 
40 to 60 per cent, of the disperse phase. 

** TJio Iragnicuts of vegetable debris form an additional constitncnl, and a« they 
aro at least microscoploaliy yisibio, they cannot be regarded us forming a part of a eoUoid 
system ; insl’ead tlicy form a coarse dispomiou (8us|x)iifiion) with the same dispersion 
medium os the colloid particles. 
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(2) The vitrain itself is a colloid systom of the enuilsoid or gtd 

typo in which it is uncertain whether the moisture or the 
complex of carbon compounds (or moisture-free vitrain) 
acts as the dispersion medium. 

(3) The carbonaceous shales are raeclianical mixtures ol in- 

organic and organic matter. 

(4) The shaly coals and coaly shales are the prochicts of inter- 

lamination of vitrain and carbonaceous shale. 

The deduction that the vitrain-durain aeries is a series of 

colloid solutions of the suspeasoid type is based on the fact that 

the relationship between the density and ash eontents of coals of 
this series is a linear one as demonstrated in a previous section. 
In the work by Wolfgang Ostwald to which reference lias already 
been made it is pointed out (Lc. pp. 13*1 — 135) that in suspen- 
soid systems the saturation concentration is asually very low, c.g., 
0*1 to 0*2 per cent, for colloid gold. Silver sols containing more 
than 30 per cent, of silver are mentioned, but it is suggested 

that this colloid concentration is due cither to an admixture of 
impurities or that one is dealing with a coarse silh pension. How- 
ever, it is theoretically possible, if we assume that the disi)erse 
phase in a siispensoid is composed of rigid spherical particles, for the 
volume of the disperse ])liase to reach a maximum of about 74 

per cent, of the total volume of the disperse system ; whereas 
in both emu Isold and emulsion systems the disperse phase, because 
the, particle.s thereof can be distorted, can occupy almost the 
whole of this space, as, e.g., an emulsion of petroleum in soap 
solution in which as mucli as 91) per cent, of the former may form 
the disperse phase (/.c,, p. 138). 

In our greasy-lustred shale-coal or durain we appear to have 
a siispensoid system containing from 33 to 39 per cent, of the dis- 
perse phase. As, in view of the preceding paragraph, this is a 
high degree of concentration, it is comforting to be able to point 
to refined Trinidad asphalt as a colloid system that has been shown 
to contain 35 per cent, of clay in the colloidal condition dispersed 
through a medium of bitumen.^ 

* Clifford Richardson, .’Ird Report on Colloid ClicMnistry, pp. 98 — 102, (1920). 

Thn density of tho i-efined asphalt is Riven os 1 - KM). As this must be a suspensoid 
system tho <hmsity-conc(!ntratiun rolatiouship should be linear. As tho dis^ierso phase 
is probably tho H:imo in bcjth tho Trinidad asphalt nnd tiic Bokaro coals it sooms likely 
that my rule for deducing tlio spocific gravity of ash-freo coal should be applicable 
to the Trinidod aspJialt. This would give 1*400 — 0*354=« 1*040, or say 1*06 os the 
density of osh-froe Trinidad bitumen. 
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Let us now consider the vitrain. It has ali^ady been pointed 
out in the footnote to page 327 that the specific gravity of certain 
coals increases with the moisture contents. If we cjonfine our 
attention to analyses of vitrain only, we find that the available 
analyses, ten in number, of vitrain from the Bokaro, South Karan- 
I>ura, Kurasia (Korea), Talclier and Pench Valley roalfields, and 
of two spooimens from Skye, show the relationship between mois- 
ture and apeoifie gravity, when the latter is reduced to an ash- 
free basis ))y application of my linear rule, that is expressed by 
the following figuies : — 

Taule 8.-- Moisture and specific gravity of Indian vitrai/ns. 


S^x'cifu^' fj;mvity of 
nHli-froo vitrain. 



Do 11-72 I'.'US on-caking. 

Korea i:}02 1-303 

Taloher 15 OS 1-323 J 


When the analyses are arranged in order of moisture contents, as 
in the foregoing table the regularity of tlie figures of specific gravity 
is seen to be spoilt by two analyses, namely the 3rd and the 8th, 
which show specific gravities somewhat too high for their position 
in the series. Neglecting these, the remaining eight analyses, 
wlitm plotted as a density-moisture diagram, yield a well-marked 
curve.^ This proves that wc arc not dealing with a suspensoid 


^ Thi.s ifi not pivrn now, because spccirncne of vilrnin from vjin'ous additional Indian 
localifioH aif obtained in order to juovide additicnal data. It npreniB to me, 

however, to bo vr iy rerinrknble that specirm-nfl collected fronr six dilTeient roaliieklH, 
two ililTi rent countiicH, and two different geological periods (f'’arIonif<TOUP anti Tertiary), 
should yield auch a result. 
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flystem. That we are not dealing with a Rcries of coarse suBpcn- 
Hions or mechanical mixtures is proved by the fact that higher 
moisture or water is accompanied by higher density, instead of 
hy a lower one, as would be the case for a mechanical mixture. 
Tliis leaves us the choice of a molecular solution and a colloid 
system (an cmulsoid or a gel). The fac.t that the moisture forms 
only from 1 to 13 per cent, by weight of the total seems to j)reclude 
us from regarding these vitrain specmneiLs as molecular solutions, so 
that we seem compelled to accept vitrain as a colloid system. Whether 
in this system the moisture acts as the dispersion medium and the 
comph'X of carbon compounds (let us call this complex waishnr- 
free vitrain) as the disperse phase or vice versa, we have no e>vide)ice, 
nor do wo know whether the system should be regardctl as an cmulsoid 
or a gel, though th(‘. latter seems more likely. 

Summarising it appears then that vitrain may bo regarded as a 
colloid system, of cmulsoid or g<il type, of moisture and moisture-free 
vitrain^ ; and durain as a colloid systeju in which the vitrain acts as 
a dispersion medium containing two disperse phasi‘s, namely ash 
(susj)ensoid) and vegetable detritus (coarse suspension). 

IX. PRACTICAL APPLICATIONS. 

The relationship described in this paper between the specific 
giavity and ash contents of coal and the specific gravities and mois- 
ture contents of specimens of vitrain has been explained in a pre- 
vious section on the basis of the properties of disperse systems, 
both mechanical and colloidal. The relationship is pointed out 
and the conclusions concerning the colloidal nature of some coals 
that follow therefrom enable one to offer definite suggestions on 
\ arious practical pj*oblems ooiinected with coal. Some of these 
suggestions amount really only to suggestions for further research 
by those who have the opportunity for such work. But it will 
})robably be useful if I enumerate here such points as have occurred 
to me. 

Suggestions can be offered under the following headings : — 

(1) Prospecting for coal. 

(2) Coal washing and flotation. 

^ ThisJ'ifl 'the simplest treatment for vitrain. The ‘ volatile matter * and ‘ fixed 
carbon * also vary progressively with the specific gravity of vitrain and ultimately a less 
simple treatment may bo necessitated by the data. 
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(3) Coking. 

(4) Manufacture of liquid fuel from coal. 

The linear relationship between specific gravity and ash contents 
that applies to the vitrain-durain series of coals enables any pros- 
pector who knows the fundamental specific 

Prospecting for coal. gravity of ash-free coal of that series to deter- 
mine in the jungle the ash contents of a lump 
of coal by the very simple expedient of taking the specific gravity 
with a Walker’s balance. As he can in this way make a rapid ash 
analysis of as many varieties of coal as he likes, it is easy for him 
to form ill the jungle a rough estimate of the (quality of coal seams 
encountered and to determine then and there whether the expen- 
diture and time necessary for careful sampling is justifiable (see 
page 32fi). Although this method is strictly applicable only to 
coals belonging to the vitrain durain series it can also be used for 
mechanical mixtures represented by shaly coals without serious 
error (see page 334). 

Any attempt to beneficiate or improve the quality of coal by 
methods of wixshing and flotation depends obviously upon the state of 
association between the organic and inorganic 
fMa^Uon^ constituenis of the coal. It will be accepted 

as obvious that neither of these methods can 
have any hope of success when applied to colloidal systems, that 
is to say, to the vitrain- durain series, except in so far as a particular 
coal has a portion of its vitrain segregated into definite bands. In 
the case of the mechanical mixtures represented by interbanded 
vitrain and carbonaceous shale on the other hand, the difference 
between the specific gravity and other properties of the vitrain and 
of the carbonaceous shale is so high that, given a sufficiently high 
proportion of vitrain, the beneficiation of the coal by methods of 
flotation or washing, may conceivably be an economically feasible 
})ropoBition. 

The factors in the composition and constitution of a specimen 
of coal that may confer upon it the property of yielding coke when 
heated under suitable conditions do not appear 
^ to be fully understood. This investigation 

seems to throw light upon one factor that may be of material impor- 
tance. It has been thought that the presence of vitrain is helpful 
to the coking properties of a coal and the presence of durajn is 
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inimical thereto. This invcBtigation shows, however, that the prob- 
lem is not so simple. A reference to the figures given on page 340 
will show that if one can judge*, coking pro[)erties of a coal from 
tlui ordinary laboratory (h‘tenninations of caking properties, tlien 

with vltrain the ability t(j coke is in ]mrt a function of moisture, 
for those coals with tlic lower moisture show caking properties 
and those*, witli higln*!* rmn'stiire show non-(*.aking properties.^ The 
analyses of dull greasy histred coal (durain) given on page *’*10 from 
Koiea and Hokaro l(*ll the sa?iie story. The llokart) durain with 
30 [)er cent, of ash and 1 f)er cent, of moisture cakes staongly. 

The two sf)ee,im(*ns of durain from Korea wu'th 33 to 35 per cent, of 
ash and about 4 ])er et'j)t. of moisture do not cake. On com|)a.ring 
the data for vitrain with the data, for durain we see that even 3)0 

per cent, of asli cont<Mits does not harm the ability of the coal to 

cake; hnt Ihat \vith both vitrain and durain high moisture is ac- 
companied by absence of caking [)roperti(‘S.- It docs not follow that 
iJ](*se observations will ])n)Ve to be applicable to all coals, for it will 
be noted that all the coals now uiuh*!* ecumi deration with the ex- 
ce[)tion of the two spcKanu^ns from Skye are of Palaezoic age. 

On the practical side one might think that, on the basis of these 
observations, it should be easy to convert a non-coking coal into 
a coking coal merely l)y the operation of reducing the moislure 
contents. Tlu^. problem is probably not as simple as tliis, for in 
the ordinary process of determniing the ‘ moisture ’ contents of 
coal the moisture is driven off without converting the coal into a 
caking coal. This moisturf*, moreover, is not loosely held hygros- 
copic moisture, but is obviously much more intimately associateil, 
if my inierpretat ien f’nrrect that it I’oims a separate phase jn the 
vitrain colloid system. The results obtained from practical tests 
on a large scale do not, however, ahvays agree with those obtained 
in the laboratory, so that large-scale experiments upon the removal 
of moisture from a non-coking coal otherwise similar in analysis 
to low-moisture coking coals would seem to bo worth while. 'Hie 
ordinary processes of making coke result in the rapid application 

^ Moistiiro is, of course, not the* only factor tliat coiinta. Tho same data show also 
a regular chanj^e of v«)lMtile matter nnd tixed carbon with moisture and specific gravity. 
Further data arc being collected and it is hoped to tliscuss vitrain analysc's in a lat,<n* paper. 

' Since this pajXT was sent to 1-he press, Mr. Ual-iram Sen of the Tata Iron an(l Steel 
Co., Ltd., has desciilji'd before* the Indian Scicoce Cringress at tho Calcutta meeting, 
January 10128, tho results of a largo series of practical te.sts directed to ascertain tho factors 
that confer coking propcrtic's upon coal, lie finds that high ash does not prevent a coal 
from coking, but that high moisture docs, h IS rcbults [iroving tliijH to lic in acconl with 
mine. 
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of heat to the material being under treatment with the result, 
no doubt, that the carbon compounds are affected by the heat 
before any conRidcrable reduction in the moisture', contents has 
been effected. It may, tlierefore, ])e offered as a suggestion worth 
practical test that it may conceivably be pos.si})le to convert a 
suitable non-cohing coal into a coking coal by holdijig it for a con- 
siderabhj time at a ten^IKU*a.ture sullicic'nt to remove the ‘ nnns- 
tnro ' contents before raising the temperature of the coke-oven to 
heights that will effect a breaking up or distillation of the carbon 
compounds. 

Tf one accepts the view that certain coals may l)o regarded as 
colloid systems, it sec'ins possible to outline theoretically the broad 
stc|)s necessary to convert such coal into li- 
Mftiinfachire fro^^ apparently solid condition of 

the coal may he. regarded as diui to the high 
viseosity of the vitrain. The brat ate]), therefore, would be one 
that rediiec's this viscosity to such an extent Unit the. carbon com- 
poimds possess the jiropertics of a mobile ll\iid. The ' moflern 
ni(‘,thod of hydrogenisation, which is directed towards lowering in 
tluiir respective series the hydrocarbon com|>ounds contained in 
coal, is obviously a method of eff(‘cting this rc'sult. Should ihe coal 
thus treated be au impure one with a large amount of mineral matter 
in colloid solution tlum the process of treafinent would presumably 
result in tlie production of a liquid fuel still containing such parti- 
cles in the colloidal condition. Two methods appear to suggest 
themselves of purifying the liquid fuel from tlicse colloid particles. 
One is obviously the method of distillation, wliicli rcsiilfs in the 
ash contents being left behind. The other would be tlu' ad<litiori 
to the fuel of some electrolyte — should tliis be practically feasibh' 
for the purpose of causing the coagulation and precipitation of the 
colloid i literal particles. 


X.—SUMMARY. 

1. In studying a mineral deposit it is desirable not only to take 
average samj)les, but also to choose carefull\’ hnnd-sp«'cimens re- 
presenting the various mineral typos ])res('nt and tlun te subject 
those specimens to the test of assay or chemic;il nnaly.sis conduct’d 
on f)ioccs of which the specific gravity has been dcti'rmined. 

2. Such work on specimens <lerivcd from th<' coal seams of Korea 
State, C. P., in 1913 led to the discjovery of a definite empirical 
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relationship between the ash contents and density of a coal. Taking 
<ho specific gravity or density of pure ash-free Korea coal (bright 
coal) as 1*29 (A;)^ the asli contents (a) of other Korea coals of den- 
sity g was found to be very closely, with one exception, governed 
l)y the empirical straight-line rule 

a = 100 (/y-i). 

3. Such a rule, if of general application, would obviously be 
of the first importance to the prospector, as by determining the 
specific gravity of representative specimens of coal with a Walker’s 
halanco in the field ho could determine roughly the ash contents 
of each type and therefore of any scam, and thus decide in the field 
whether a seam was worth proper sampling for analysis. 

4. In the course of an investigation of the Bokaro coalfield 
during 191G and 1917 the rule discovered in Korea was tested further 
by the selection and analysis of a much larger series of picked spe- 
cimens, carbonaceous shales as well as coals being taken into the 
investigation. 

5. The results given in table 2 show that in most cases this em- 
pirical rule applies to coals containing up to 50 per cent, of ash, 
the fundamental specific gravity constant (/i) being in this case 
1*26 instead of 1*28, the constant finally adopted for Korea. All 
the specimens from both fields come from the Barakar series. 

6. The results are plotted in Plate 26, from which it is seen that 
in carbonaceous shales (that is those carbonaceous substances wdth 
over 60 per cent, of ash) the empirical rule no longer applies, the 
specific gravity of the carboiiatJeous shale being increasingly in 
excess of that indicated by the rule (which corresponds to a straight 
line as indicated in the diagram). 

7. Discussing for the present only coals (carbonaceous substan- 
ces with not greater than 60 per cent, of ash), wc find that in certain 
ceases the coals have a specific gravity seriously above or below 
those indicated by the empirical rule. These deviations are indi- 
cated by plus and minus signs (tables 1, 2, and 4). 

8. The plus and minus coals are represented in the diagram 
in Plate 26 by spots respectively above and below the curve. 

9. The plus coals are found in the one case studied to owe their 
liigh density to ash abnormally rich in oxide of iron, and therefore 
presumably of abnormally high density (see page 325). 

10. The zero or normal coals, which are those agreeing with 
the empirical curve (a straight line), have, nevertheless, a higher 
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density than figures obtained by calculation of the specific gravity 
of mechanical mixtures of pure coal and pure shale. This fact 
is taken as indicating some form of chemical or physical combina- 
tion with decrease of volume between the organic and inorganic 
matter in coals with ash contents up to 45 per cent, of ash (see p. 333 
and Plate 27). , 

11. The minus coals are ones with a density less than that re- 
quired by the cm[)irical rule. In one cjuse the low figure ( — 13) 
was not confirmed on repetition of the work. But the figure of 
— 7 for one Korea coal has been confirmed, and this coal, with two 
l^okaro coals showing deviatioiLs of 2 and — 5, may be examples 
of coals in which this intimate association between organic and in- 
organic matter does not exist, so that the specific gravity conforms 
to that indicated by calculation for mecdianical admixture. (Sec 
table 4). 

12. With ash in excess of 60 per cent, (carbonaceous shales) 
the empirical straight-line rule is no longer followed, and instead 
it is found that the density-ash curve is closely that for mechanical 
mixtures of coal of density 1-20 and shale of density 3*00 (vSee table 4). 

13. This curve crosses the straight line r(‘presenting our empi- 
rical rule at 45 ])er cent, of ash. With ash below 45 per cent, only 
minus coals follow the calculated curv^e, most coals then following 
the straight-line law (zero or normal coals) ; consequently the space 
between the two curves indicates condcTisation of volume due pre- 
sumably to some form of (jhemical or physical association of the 
coal with its ash contents. 

14. Our carbonaceous substances are thus roughly divisible into 
(1) coals with not greater than 50 per cent, of ash and in which the 
nsli, if not greater than 45 per cent., is at least ])artly in chemical 
or physical association with the carbonaceous cont<mts, and (2) 
carbonaceous shales with greater th n 50 per cent, of ash in which 
the organic and inorganic matter behave as if in mechanical admix- 
ture. 

15. The macroscopically homogeneous substances making up the 
majority of the Bokaro and Korea coals arc three in number (see 
p. 341), namely the fundamental colloidal substance or bright coal 
(vitrain), greasy-lustred dull coal (durain), and m.c. shale (micaceous 
carbonaceous shale). ‘ Mother-of-coal ’ (fusain) is seen sometimes in 
films. The dull greasy-lustred coal carries 33 to 39 per cent, of 
ash and has a density of 1*61 to 1-65. It may be expected to carry 
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;i portion of its mineral matter in a state of chemical or physical 
ssoeiation with the organic matter. 

IG. An analysis of the data, taldn" account of l)oth the actual 
inacroseopically visible characteristics of the coals and of their 
spe(*in(“. /gravity <levialious, shows that our Bokaro specimens can be 
arranged into two scries ; 


couU'ntH. Spciilic univity. J 


T. ( Uri'.'Iit 

Hilky, .-irid dull coiiIh). 
fl. Vil ram-( ai])onJi('(‘(nj9 ali.do 
^crios. 

(Slialy coats, coaly and car- 
hoTinrc'OiiH sIialcH). 

17. The Korea sj)ocinicns all belong to the vitrain-durain seri(is 
with ash contcuits ranj^iu" from 0*51 to ‘tt’OG and speeilic; gravity 
from 1-50 to TGI. 

18. A consideration of the data j^iven in ta))lc 2 and Plate 26 leads 
one to sug<'(\st that th(‘ most useful conmicrcial chissili(*.a.tion of 
the Bokaro coals woidd be as follows : — 


Asll C 01 ltOMl.:J. 

1 )c8crii)ti \ 0 

Commercial chisaitication. 

Pit cent. 

0 f) 

IJricjht coal^ ...... 

''1 First and .second-clMss 

n -22 

SiH’y coalit UHualJy with bright bands 

> coals ; dividing pf»int 
J 15 per cent, of ash. 

22 -as . 

Htnuhd silky and shaly conh. Also gra- 

'riiird-clnss coals. 

as no 

nular coal. 

Dull (silky to greasy -Just red) coaU : shaly 

Fourth -class coals. 

no on 

«r> -s8 

coals. 

Coaly .shalt's and carbonaceous shales 

M.c. fihalc-s (micaceous carbonaceous sluilos) 

1 

MV)aly and carbonaceous 

J shales. 


This classification also apjilies to the Korea coals. 

19. If one treats these coals as disperse systems, consideration 
of the density-ash relationships discussed in sections III and IV 
shows that the vitrain-durain series can be treated as a series of 
suspensoid colloid* systems in which the vitrain acts as the dispersion 


Per c(‘iit. 

2:{i lo.'ie ii 1-28 i (;r> 

27 01 to so il rio 2-r>s ~ 
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modium, and the ash contents as the disperse phase (suspensoid) 
with the vegetable detritus contained in the durain as a second 
disperse phase (coarse suspension). 

20. Similarly, consideration of the fact that in a scries of analyses 
of vitraiii from various localities the specific gravity increases w'ith 
the moisture enables one to deduce that vitraiu itself is an colloid 
syskun (emulsoid or gel) in which the moiskire-frec vitrain and tlie 
moisture may be rc'garded as separate ])hases. 

21. On tile basis of tlie data collocLed in tliis pajier and the 
interpretation of coals as colloids, it is possible to olfer suggestions on 
certain practical aspects : — 

1. Prospecting. 

2. Coal-waslung and flotation. 

3. Coking. 

4. Production of licpiid fuel from coal. 

U(‘ference to jiro.specting is made in paragraph 3 above. We need 
lefe-r here only to coking, by mentioning that the villains and durains 
low(u in moisture arc caking and tliosc higher in moisture are 
non-caking. 


LIST OF PLA rfiS. 

t'lLiATc 20.-— eliowieu; spocilie gjavily ami usli eonU-nts of coafa atui 
bliairs fruirt Koica imU liokaro, 

PiiVTC 27. ' Di-nnam showing Oonsity-.-irtli curves hotli clieniical or pltysical 
asstKiiaiions (eolluiO systems) and inocluinical mixlurcb of coal and 
slialc from Bokaro. 
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Note on a Con i act of Basalt with a Coal-seam 
IN THE Isle of Skye, Scotland : Compakison with 
Indian examples. By L. Leigh Fermor, O.B.E., 
D.Sc., A.K.S.Mm F.G.S., Oj^Matmg Director, Geological 
Survey of hidia. 


I N the suiimier ol 1914 I enjoyed the privilege and good fortune 
of spending several weeks in Skye in the company of Dr. A. 
ilarker. Amongst many interesting sections visited one was oi 
sjiecial interest. 

In the cliff a little south of Diinan Earr an Sguirr, betweeii Locli 
Drittle and Loch Eynori, the little* ravine of Allt (leodh’ a’ Ghamhna 
sliows a section of some 30 feet of conglomerates anti tuffs with 
coal seams, intercalated in the succession of Tertiary basaltic lava 
Hows of Skye, and analogous in position to the Intiutrappean beds 
of the Deccan Traj) lavas of liulia. Details of this section are given 
on page 26 of Marker's Tcrliary lyncous Rocks of tikyc, and may be 
a bstracted as follows : — 


13a.saJlic Jiivas, with bills, above. 

(Joul-beaiji ......... U — 3 in. 

Tull 1 ft. 

CuiiJ-beain ......... U — 3 in. 

Congloiucrivtc ......... U — 7 ft. 

Tulf with impure couI-.seaui ((» to b liu licb) in lower purl . G — 7 ft. 

Congloiiicraio ......... 5 — 0 ft. 

Tuft 2i— 3 ft. 


Congloiiicraio ........ about U ft. 

Uiibaltic lavas, with sills, U'low. 


The conglomerates all possess a tuff matrix. 

My interest was aroused by the fact that although the lava was 
nesting directly on the uppermost seam of coal there was no visible 
diilerence between this coal and that ol the lower seams, except 
in a very thin surface layer, not more than 0*5 mm. thick, of the 
uppermost seam. 

Owing to denudation the details of the section have, of course, 
changed somewhat since Dr. Marker’s previous visit some years 
before. Confining myself to the upper parts of the section I found 
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that at the point examined the lower of the two upper seams noted 
above was about J inch thick and rested directly on the conglo- 
merate, following the curves of the pebbles. It was overlain by 3 
to 4 inches of sandy tufiE containing carbonised plant remains 
followed by two more thin coal seams, each J to ^ inch thick and 
separated by 1 to 2 inches of tuff tending to be shaly : these two 
seams and the tuff together correspond to the upi)ermost coal- 
seam of Dr. Harker’s section. The upper of these two coal seams 
was overlain by vesicular and amygdaloidal earthy basalt resting 
on it in immediate contact. J collected specimens of these two 
n]>per coal seams and these have been analysed in the laboratory 
of the Geological Survey of India by Mahadeo Ram, with the results 
shown in columns A and B below. It will be seen at once that the 
upper coal seam (28/826) is practically identical in composition with 
tlie coal seam (28/827) 2 inches below, from which it seems evident 
that the lava has produced no appreciable effect on the upper coal 
and therefore cannot have been very hot by the time it came in 
actual contact with the coal or the vegetable matter from which 
the coal has been formed. 



V 


(J 

D 

n 


liOWlT 
coal beam 
(2S 8U7) 
eicktd 
uiatcrltil. 

Upper most 
coni Honiu 
(28 820) 
ricked 
material. 

Cruht 

Iroiii 

28,820. 

llcsldue per 
100 graiDs 
of coal 
nsBumliig 
nsh coiLjfjiiii 
in ebauging 
iroin 11 to C. 

1 

rcrceiiUgc 

loss. 

Moiytiifc 

1111 

11-72 

10-71 

7-03 

40-02 

Volatile! nuitLcr 

30-Sb 

31 25 

45’20 

10-03 

39*10 

I'lxcd carbou 

53-53 

52-U8 

28-47 

11*90 

77*37 

\3h .... 

4 21 

4-05 

0-52 

4-06 

•• 

C'oklug propertioa . 

Docs not cjikc 

Docs not oiko 

Docs not cake 

. , 

. , 

Colour of ash 

Liglit brov, n 

Crown 

Light grey 

.. 

.. 

Spud lie gravity 

1-315 

1-351) 

•• 




Each of these coals is a jointed pitchydustred coal .of lignitic 
aspect with conchoidal fracture ; but the actual surface of the 
upper seam (28/826) has a somewhat ‘ sintered ’ aspect, which is 
seen through a lens to be due to minute polygonal jointing at right 
aiiiiles to the surface of the coal : this layer is about 0*6 mm. thick« 
Some of this altered coal was scrax^ed off and analysed, with the 
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reiiiilt tiliowji in column C of the table. It was impossible to be 
r<‘Lbiiiii that the material so obtained was free from poi*tions of the 
underlying unaltiued coal ; eon»set|ueiitly this analysis must be 
taken as an exprijssion of tlie change produced by the lava at its 
contact with tin*, coal rather than as a full measure of the change. 
It shows apparently a marked increase in ash, volatile matter, and 
moisture, and a de(U'<‘as(*. in iixod carbon. But if we assume that 
the ([uant-ity of asli in the coal undergoing modification has remained 
a (u)nstant, then it is evident that 2*38 parts of coal have yielded 
1 part of altered coal, with the percentage losses shown in column M, 
from winch it is interesting to note that tlie percentage loss of 
Jixed carbon has been nearly twice as great as that of volatile mattei 
and moisture. 

It is int(iresting to contrast this case with the cjontact meta- 
morphic etlec>ts produced by basic dykes intruded into coal scams. In 
the case of the miea-aj)atite“pcridotile dykes of the Giriilili coal- 
field, India, ^ a 4-ft. dyke has produced a coked zone in the coni 
ft. wide, with a resultant great increase in the proportion of 
fixed carbon to volatile matter. Similarly a ‘ white trap ’ dyke 
(originally basalt) 1 to 4 feet thick, intruded into a coal scam in 
the Barkui colliery, Bench Valley coalfield, Irulia,- has altered the 
coal to a distance of 12 inches from the contact. As the Bench 
Valley coal is a nun-coking coal according to r. h' > ^ the amount 
of coking eifected at the contact was V(‘ry small, but the alteri'd 
coal showed a considerable incrtsise in the fixed carbon relative 
to volatile matter. 

It is thus seen that the elfeeb of the lava of Skye on the ratio 
of fixed carbon to volatile matter is the reverse of that of the basic 
dykes on seams completely-formed coal. No obvious explan- 
ation of this difference offers itself. 

lint it seems possible to explain why tlie Skye lava has made 
its presence felt only for a fraction of a millimetre, wliilst the dykes 

referred to aimvc have altercil the coal to a distajice of I to 4 feet 

from the contact. In the latter case tlie molten lava occupying 

the fissure must have been very hot, have (jorne into immediate 

contact with dry or relatively dry material, and have cooled more 
slowly than a surface lava. On the other hand it is evident that 

IT. 11. MolUnd &, W. Saise, Uec. Geol. Surv, Imi,, XXVlll, px). 132- 5, (1896). 
aC. S. Fox, litc, Q. S, 7., XLIV, pp. 123 -130, (1914). 

^ But aoo Mem. 0. 3. XI.1, p. 185. 
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the lava of Skye must have been relatively cool by the time it came 
in contact with the vegetable matter tliat is now coal. But the 
ordinary temperature of basaltic lava in the molten condition may 
be taken as approximately lOOO^C.^ : consequently it is of interest 
to enquire how the vegetable matter that is now coal escaped alter- 
ation except in its topmost film. The answer is seen in the physical 
character of the lava. It is now an earthy vesiciilar rock with the 
vesicles occupied by calcite and a chloritic substance. Vesicular 
structure at the base of a lava flow miiy be explained in two ways. 
Ihe Burfecc of a flow cooling in contact with the air assumes a 
vesicular characti^r due to the expansion of dissolved or entangled 
gasc.s under atmospheric pressure. During the flow of the lava 
portions of the vesicular surface may be rolled underneath the flow 
at the advancing front. This, however, could not happen in the 
case of a very fluid, rapidly flowing lava, so that the base of a basaltic 
lava flow should sometimes be uon-vesiciilar, as, judging from the 
Indian Deccan Trap flows, seems often to be the case. If, however, 
the lava should flow into a shallow body of water, such as a fresh- 
water pool or lagoon, it must to a large extent displace the water. 
Any water that becomes imprisoned below the flow must be vapo- 
rised and penetrate into the base of the lava and render it vesicular. 
This water must also act in another way : in the form of steam it 
must act as a cushion and pi event the hot lava from coming at ( nee 
ijito l ontaet with the bottom of the po )1, so that a layer of vegetable 
matter hing there would l e piotccic;! f,om the lava by vapoiv’ until 
(h(‘ liVii had become too cool to have mucli (Ihct on this vegetable 
matter. There would also be a great abstraction oi heat from the 
lava in llie process of hiating and vaporising llie water, and this 
would cause a more rapid freezing of the base of the flow than if 
the lava were flowing over dry laud. 

The foregoing seems to explain in a reasonable nuanner why 
only the actual upper surface of the veget-ahlc matter in our Skye 
case was affected by the lava. The eoustitution of th(j vegetable 
matter before the advent of tlie overlying lava is difficult to deduce, 
but if the change in the surface of the u])j)er senm is really a foim of 
coking it looks as if this vegeiable nuiltei’ nnist already have been 
somewhat compacted and on the way to coal before the lava was 
erupted. 


MJarker : * iNaiaral History of Igopous Hocts j>p. ISO — C. 
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fc'iniiiai ('iKS(\s of actual (-ontact of a lava flow with coaly nuittor 
liav(5 beeu (] escribed by Sir A. Geikie* from both Skye and Caiuui in 
the Western Isles of Scotland, and in only one case is it noted that 
tlic lava has had a conta<‘t effect on the vegctal>le matter. This is at 
Ciil nam Marbli, CVanna, where a coniferous tree stump, a))[>a.rently 
growing in has hceii charred (/.c., p. 362) ; it is conceivable 
that this flhimp was projecting above the water in which the asso- 
ciated vegetable matL'r was deposited, so that it came in immediate 
contact with the hot lava. 

‘V. (A hll, pp. 341, 359, diid 302, (ISOO). 
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Tm-: Barakar-Ikonstonr Boundary near Begunia, 
Raniganj Coal-Field. By Cyril S. Fox, D-Sc., 
M.I.Min. E., F.G.S., Ol]lcia\ing Snpcrintend&nt, Gcolo 
0 tiil Survey of India (With Plates 28 and 29.) 

ro-Rurvuy of flic Kanigiuij ooaWioU ]iow iii progress has 
sJiowji that iJio junction between the Ibirakars and the 
overlying Ironstone Shules is normally a conformable one. It ij 
at a higher gt'ologicnl horizon than is suggested )))' its position, 
north (>r the Grand 'hnmh totid at llegunia, on Blanford’s map. 
This junction really follows a line ifi a W.S.W. direetioji Irom north 
of Kult.i and south of Ihgunia to the IhirakjvT; river. It is a faulted 
boundary. The shalt's sh<u\n itj the sl'cieh of the Jain tcinjde section 
by W. T, Blantord ^ are earlionact'ons, but they do not contain 
ironstone, and for lids reason should be included in the Barakars. 
Furthermore these sliales arc ov<nlaiji by the pebbly sandstone^ 
of a Barakar hujes, \v}d<*h forma the ridge on which Begutiia La 
situated. It lias, ho woven*, ])een dilHcailt to explain tho apparent 
remarkable nnconforndty to which Blanford dro’w attention. 

While working on abont tin' same geologU'ai liorizon, ?.c., above 
tlie Chan I'll seani, which is the westAvaid conlimiation of the Ih'gunia 
s(‘ain, in the KInulia vnh near (Hianch, T discovered an i‘xpo 3 urc. 
showing the finest (xainplc of false*- or cuireut- bedded sandstone 
that I have se(*Ti. Hu' uad di])s ol this sandstone are to the souili- 
cast w'liile the ])]aiies of current l)e<lding dip noithward. (Plate 1 ). 
It immediately oecurred to iiie that, as this sandstone was 
almost certainly the sanu) as that on wiiich the. Jain temples 
at I3('gunia stand, the nortJierly di])S, which are so evident in the 
sandstones between Begunia and Barakar, might really bo the 
dip of planes due to current bedding, (Plale 2% tig. 2.) On care- 
ful examination, pariieiilarly of a small (piany, which was not open 
in Blanford’s day, just north *)f the Grand Trunk »oad and east 
of the road to Barakar .station, 1 found that the planes of apparent 
bedding do not continue to tlie surface of the sandstone. Tliis 
they should do if the surface of the sandstone was a weathered 
aiul eroded unconformity. The low southerly dip is the true dip of 


E 2 


a Man. Ocol. tiurv. hid.. Ill Art. 1, (1865), p, 42. 
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tJu'.se »andstoii(‘.s. Jt wilh tlie clip slope of the sandstones 

at the Jaiji temple exposure, a.s well as with tlio southerly dip seen 
in the Chanch (Klmdia) .section. The northerly dips in the cpiarry 
arc undoubtedly those' of tin' plajies of false-bedding. This will be 
scM.'ii from a scrutiny of Plate 2Hj lig. 2. In short there is no ‘ roll ’ 
of the bc'ds, ami (certainly no unconformity. The ex])osnros in 
that arc'a (ionvc*y a wrong impression to the mind if the mcaining 
of the details in the cpiarry section is not gras])e(l. Without the 
(juarry sec’tioii, which was not open in l^^lantoicVs time?, it would 
be cpiitc im])ossible to arrive at any other conclusion than that of 
I Hanford. A true? explanaticni of the observcul facts is shown in 
tire accompanying sketch section. 


Fifn'rO’: I. 



K\i'Osi i;i ^ Soi Tfi oi- 
Uakakaj.'. 

ri, i.s tn a.'.Munc an arti 

c’IiimI at X. 

innivci tJio 1‘ctlhi at Y alaK'r 
lliOhi' ill llu; .fain iMi'pIu 
.sjction. 


JSCi 'iHiN i^eARIlY. 


'I'lu' f.J'V )).-ijaiiirr pl.UH'.M, 

Of, .-liaip, do ri<»t 

mu uiit to tliij tru»’ dij) 

.U Z. 


SkctkiX at Jaix 

»ii|) h;wn so far 

cnilv cn Hcrii. Ttio fal«e 
Ua liljin.! hfiH uni iv- 

( 111 iliij dirty pool 
below tlio tfMiiplo. 


LIST OF PLATES. 

Vlate 28 . Fj(U 2.--R'ir,Lk{ii handyfonun m .t <njariy, la Kunia, noar Baraka r railway 
Klatiuji. 

Plate 29. -Faltki -budded btrakar .saiidHtono at Ch.ineh, lianiganj coalfield. 
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Thb Raniganj-Panchht Boundarv near Asansoi,. 
Raniganj Coal-Field. By Cyrii. S. Fox, D.Sc.. 
M.I.MiN.E., F.G.S., Officiatiujf Superintendent, 
Geologiail Survey of huUa. (With Plates 28 and y).) 

I N his survey of the Ranif'anj coalfield \V. T. Blanford (Mem. 

Grol. Snrv. Ind., HI; pp. 12(5 -131) ^'ives a short clear 
description of the J^aiiclicts and state (j\ 127) that there is a slight 
unconformity between the J/aiich(‘t and tlic uinbirlyiiig Raniganj 
stage. He does not, however, mention the, fossil-wood horizon in 
which the fossil tree was found near Asansoi. TIio re-survey of 
the Kriniganj coalfield has now proceeded fur enough for a definite 
opinion to be given with regard to the exact boundary l)etween the 
Raniganj stage and tlie ov(‘rlyiug Panrhet hods. 

Mr. Sethu Rama Haii, Assistant Superintendent, Cleological Sur- 
vey of India, working south of the Damuda river, has found a well- 
marked fossil-wood sandstone almost at the top of the Raniganj 
stage. Mr. A. K. Baneiji, Assistant Superintendent, Geological 
Survey of India, working from the .Damuda liver north-eastwards 
by Patraohna and llirapur to the Kiunarpur railway cutting on 
the Hast Indian Railway two miles west ot vXsansol, has traced the 
same fossil-wood horizon to this place, and finds that this horizon 
must bo included in the Raniganj stage and not in the Panchet 
stage. I have seen the chief sections on which Mr. Banerji bases 
his opinions and agree Avith lurn that there is a slight but local 
unconformity (Plate 28, lig. 1) b«;tweeu the undoubted P.aiichet beds 
and the underlying strata in which the fossil wood sanristone occurs. 
This fossil- wood sandstone is of considerable value as a strati- 
graphical horizon, as it can be followed across the whole of the 
wcxStern part of the Raniganj coalfield. 

The fossil tree erected in the Indian Museum comes from the fossil- 
wootl sandstone exposed in the Kumarpur railway cutting west of 
Asansoi. This tree, ac/cording to Professor B. Sahni, belongs to 
‘ the Cordaitales, one of the most important groups of Palaeozoic 
Gymnoxsperms.’ Details of the discovery are given in the Records y 
Geological Sumy of Induiy LVIIT, pt. I, 1925, pp. 75-79. In 
this account it was stated that the sandstone in whi<;]i the siliciflcd 
tree trunks were found belongs to the Panchet beds. The reasons 
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for this opinion arc not stated. J found another silieified tree 
trunk m the same cuttinij in 0(d‘j])er J925 (Plate 30, 2). This 

was extracted and ])r()Ught to (.^alciitin Init has not yet been mounted, 
ft w*xs nearly 50 feet long as it lay wduni fully exposed. Professor 
Sahni, considered that tlu^ first tree belonged to the genus Dadoaiflon 
and showed well-marked growth rings (Plate i'g. 1). lie gave no 
name for the species. He. however, drew attention to the fact 
that it was very similar to two speeies namely D. indicum, Holden, 
from Deogarh, and T). twiigalcnsc, Holden — from Prahmaubarari 
in the Jharia coalfield. Poth tlie.se sp(‘cies were from the Barakar 
stage of the Damuda series (Jjower (hmdwanas). Seeing that the pala,- 
eoutoJogical evidence supports a Palaec>zoic ralle'r than :i M<'SO/.oic 
age T feel that an np])ermost Uanigan j aire i d her than a lovve.st 
Oanehet ago must la* accept. -d for tin* fos^il-w.iod s.uidstoui' and 
suggi'st that its oflieiid designation rniglit be tlie Kumarpnr (fos.nl- 
kvood) sandstone. 

This is the only fossil- woml (silieilied) horizon known in tin' 
Lower Goridwanas. a.Tnl should it be. also found lo oricnr in tin? 
pastern part of tin* Raniganj coal- held, will b,' of great list? as 
a strati graphii ‘.a 1 horizon. 


LIST OF PI. A I BS. 

Pn^TM 28^ Ido 1. — t\nu*lu‘t-l\ji.tii<Mnj mn‘,nnfunalt v instr^'ura nriir dnnnl 
]tani‘iaaj coiill'u 1»1. 

F*LATK Fto. 1. — luM' fioiii Kunun i-iittiag sl.ow injr linirf! (*f 

/rn.w'tin 

Ido. 2. — Ko-tsil wfiMi in Knin.irpnr railway ciitl in*'. 
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A Pbrmo-Carboniferous Marine Fauna from the 
Umaria Coal-field. By F. R. Cowprr Rfed^M.A., 
Sc. D., F.G.S. (With Plates 31 to 36.) 

INTRODUCTORY REMARKS, 

T JIE fossils described in this paper were collected from bods associated 
with those of \indoulited Lower Gondwana age at Narsarha 
railway cutting, Umaria, Rewah State, Central India, in 1922, but 
the presence of marine fossils at this locality had been observed in 
tlui previous y(*ar. A brief note on their occurrence was published 
in the General Report of the Geological Survey for 1921 but no 
precise determination of the specimens was given, fn this report 
it was observed that the moat abundant fossil was a species of 
Prodfirtus wliich Mr. Tipper considered to be new to India ; and 
tliis shell forms practically tlie whole of the shell-band, 3 inches 
thick, which contains most of the fossils. Another brachiopod 
attributed to Spiriferina was also mentioned, and it was regarded 
as ‘‘ close to and probably identical with Sp. enstaia var. octoplica(a,** 
The shell-band is cles(;ribed as resting on quartz-grits which pass up 
conforma])ly through it into sandstones of Lower Barakar age. 

The description of these fossils, which were sent to mo for identi- 
fication in 1925, had been finished and the plates to illustrate them 
liad been drawn when further material collected by Mr. E. R. Gee 
in J 92(), was submitted to me, necessitating a revision of my previous 
work and throwing further light on the sfratigraphical age of the 
beds. Tliese new fossils were found in the same locality on both 
sides of the Narsarha railway cutting two miles west of Umaria rail- 
v\ay station in four distinct bands, the lowest one I), (K 23 •201) 
containing large numbers of small gasteropods in a gritty clay ; 
the next one, C, (K 23 263) lying 2.J* feet higher and containing 
chiefly bracliiopods, in red and olive-green clays associated with the 
Proilmtm shell-band and about 8-9 inches below the succ(‘eding 
liorizon, B, (K 23*262) which is a yellow brown sandy clay \\ inches 
thick. The highest horizon, A, (fv 23*261) is an 8-inch band in 
the soft fine yellow sandstone of the basal Barakar series, and 
(onfaius many specimens of Produclus, Pleiirotornaria, etc. 

A Kcrnior, Rer. Geof. Surv. 7>t4., V'^ol. lilV, pt. ], 1922, ])|). 14-10; 

V‘>I. (A, 1922, p. ; VViuha, ‘(ifoloiry of Indiu*, 2ii(l 1920, I^otidon, p. IIS. 
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The great inteiest ainl importance of marine fossils occurring in 
the Gondwanas of Central India wore recognised in 1921, and the 
determination of their afllnities as a guide to the stratigraphical 
horizon of the bods has thereforci demanded particularly detailed 
study. 

The material at first submitted to me in 1925 consisted of masses 
and slabs of the shell-band mainly composed of more or less imperfect 
specimens of ProdiirUts densel}^ aggregated ; there were also a few 
loose specimens weathered out free from the matrix. Some of the 
slabs were in a rotten crumbling condition, the matrix being of a 
soft friable argillaceous nature and falling to pieces on exposure, so 
that the extraction of more than fragments of fossils was difficult. 
But it was from material of this character that the first specimens of 
the small Pleurotornana, Phombo'pora and ostracods w'cre picked out. 

The harder masses of rock forming the shell-band do not consist 
of anything but agglonieiated shells of ProdnetnSy mostly of one 
species, with here and there a crushed specimen of the small Pleu^ 
rotomaria. On the softer pieces of rock other fossils also occur, and 
frequently they have their minute surface-ornamentation beauti- 
fully preserved. The specimens in this first collection, however, 
were in nearly every case fragmentary and very imperfect, so that 
it was difficult to arrive at any satisfactory conclusions. The new 
material collected .subsequently by Mr. Gee is fortunately in a much 
better condition, and several mnv specie's not previously observed 
have been detected, while it has been possible to define the charac- 
ters and ascertain tlu'. affinities of the others more precisely. A 
certain number of shells bf'longing to species of Productus^ Spirifer^ 
ReticAilaria and Pisiirotomaria occur loose and almost fret', from 
matrix, and some are in a good .state of preservation. As above 
noticed, they occur in several distinct bands of rock which contain 
sligl tly diflForent assemblages of fossils, but most of them are com- 
mon to all the horizons and no important difEercnce in age can 
be established. 


DISTRIBUTION OF THE SPECIES. 

( First^ CollecMon), 

K 21 ’424 . . . Productus umariensis sp. nov. 

„ „ var. spinifera. 

„ rewahensis sp. nov. 

„ var. coroides. 
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Spirifer narmrhensis sp. nov. 

„ ,, var. paueiplicata, 

lieticuhiria harokarenHis sp. iiov. 
Orthotichia P. sp. 

K 21*425 . . , lihombopora sp. 

Prodactus umuriensis sp. nov. 

Spirifor narsarhensin sp. nov. 

Aihyris aff. protca A Inch. 

PlrurotohHrria Uinrkricnsifi sp. nov. 
Cytherella ? sp. 

Palaeocypris 
Jonesina ? sp. 

K 21*426 4 , . Prodactus umarie.nsis sp. nov. 

K 22*972 . , . Plcnrotmnaria umaricmsis sp. nov. 

K 22*973 • , . Phiirotomaria lumriemis sp. nov. 

Dermal tubercles of fish. 

{Second Collection . ) 

Horizon A (K 23*261) Prodactus rewnff crisis var. coroides, 

S pirifcr narsarhcnsis. 

Horizon 13 (K 23*202) Spirifcr narsarhensis, 

„ ,, var. pauciplicala. 

Retie a laria baruhi ren s is . 

,, ,, var. subplicota, 

Crinoid stem and joints. 

Dermal tubercles of fish. 

Horizon C (K 23*203) Prodactus rewahrmis, 

„ wmariensis. 

Horizon D (K 23*204) Prodactus rewnhmsis, 

[^K 22*972, 933] Janeia aff. biarmica (Df 3 Vern.) 

Phurotomnria nw ix rien s is . 

Crinoid stems. 

Dermal tubercles of fish. 
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(K (I'roni east side of railway cut ting.) 

Product us lima riensis . 

/S pii ifer narHarlicn sis. 


COMPLETE LIST OF FOSSILS. 

Crinoidal stems and joints (K 23*2G2) (K 23'2G4). 
lihondioima sp. (Iv 21*425). 

Prodvrtas nmariensis sp. nov. (Iv 21*424), (K 21*425) (K 21*42G). 
,, var. spinifera (K 21*424). 
rewahensis sp. nov. (K 21*424) (K 23*2G.3) (K 23*2G1). 
var. coroides (K 21*124) (Iv 23*201). 

Spirifrr narsarhensis sp. nov. (K 21*424) (K 21*425) (K 23*2G2). 

,, ,, var. jHiiiciplivata (K 21*424) (K 23*2G2). 

Rcficularia barahtrensis sp. nov. (I\ 21*424) (Iv 21*425) (K 23*202). 

,, ,, var. subplict^^a (K 23*202). 

dthffris aff. protca Alneli (K 21*425). 

Oithotichia ? sp. (I\ 21*421). 

Jancia alf. hiamdea (f)e Vern.) (K 23*204). 

PlcuroUonaria nmariensis sp. nov. (K 21*425) (K 22*1)72). 

(K 22*1)73) (K 23*2»;i). 

Jonesina ? sp. (K 21*425). 

(hjihrreUa ? sp. (Iv 21*425). 

Pidaeocypris sp. (K 21*425). 

Dermal' Uiherclos of lish (Iv 22*972>) (K 23*202) (K 23*204). 


DESCRIPTION OF 1 HE FOSSILS. 

Crinoidal stem and joints, 

PI. 36, figs. 15, 15a. 

There is one portion of the stem of a erinoid (K 23*2G2) of a 
regular cylindrical shape ineasuring 6*5 mm. in hjngtli and 4 mm. 
in diameter and consisting of six joints of rather unequal thickness. 
1'he periphery of each joint is gently convex and smooth ; the 
articulating face has an outer marginal ring of about 32 short coarse 
radial ridges extending inwards for about one-fifth to une-fourtli 
of the tliamef er ; the r<‘st of the articulating surface is smooth aud 
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somewhat deprossod, with a large central circular canal nearly one-fifth 
of the whole diameter. Isolated stem-joints of a similar character 
and size occur in tlie collection from the same horizon B (K 23*262) 
associated witli crowds of Plevrotortuaia mnaricnsis, juid the sam ' 
oicnr on horizon 1) (K 23*20'1). 


Tihoinhnj)om sp. 


PI. 34, fig. 17. 

One small fragment of a slender rod-like cylindrical bryozoan 
measuring al)Out 2 nini. in length and less than 1 mm. in diameter 
has reeogjiised amongst the crumbling fragments off a large 

])ic(‘(‘ of lock {K 21 125). The specimen may be referred to the* 
genus lUiamhopora and shows on the semi-inrcumferonce (‘xposed a 
f(‘W ( I or 5) rather irregular longitudinal rows of alternating large 
oval ( elhapcrtnics of equal size separated by lather thic.k roimdeil 
iui(M*a]iei‘tunil ridges widening below Iho apertures and bearing a, 
ft‘W small spinosci tubcu’cles somewhat irregularly distributed, but 
usually theu'o seems to bci one below each aperture. 

This zoarium resembles Ithomhopora nicklesi Ulrich ^ from the 
Lower Coal measurers of Illinois rather than Rhabdmneson rhoinhi- 
fennn (Phill.) - with which Ulrich compares this American species. 
Lo('zy ^ lias figured a specimen from Teng-tjan-tsebiug as Rhxh- 
(hnncsitn cf. rhombiferum which appears to possess most of the charui’- 
ters of onr sp(‘cimeu, tliough he says that the edges of the ccdls are 
sharp and smootli. Rhomb, Wortheni Ulrich^ from the Lower Car- 
boniferous of America, Rhomb, Icpidodendroides Meek, and Rhomb, 
hitjcmmis Keys, are other allied species. Rh, tennis Hinde from tlu' 
\Vi‘st Australian Carboniferous may also be compared. 

Productns umariensis sp. nov. 

ri. 31, figs. 1-6. 

PI. 32, figs. 4-8. 

* Ulrich, Qeol, Sur>’, Illinois, VIII, 3890, p. 001, pi. LXX, figs. 3, 3a-r. 

* l^liilJipH, Oeol. Yorkshire, pi. I, figs. 34, 33. 

* Lor/iV, Beschr. Pal .eorit. Strah'g, licsult,, K<}isc Bola Ezochonyi in 0.^tasion, 
ISOS, p. 97, t. Ill, fig. 22. 

* Ullrich. Joyrn. CHmic, Soe. NfU. IfUt., Vol. TV, 1884, p. 32, pi. 1, figs. 4, 4ft, h. 

® fiindo. Oeol M(tg„ Doe. 3, Vol. Ill, 1890, p. 203, j)!. VIIlA, pp. 4, la. 
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Shell transversely semielliptical to subquadratc, wider than long ; 
hinge, -lino long, straight, equal to or slightly less than maximum 
width of shell ; eardinal angles snhrectangiilar to slightly obtuse, 
not pr()du(‘.(‘d ; valves (closely appresscd. Pediele-valve gently eon- ^ 
vex, not inflated, horizontally extended in cardinal region, but 
arched down slightly at sides and in front ; body feebly convex, 
sometimes rather flattened in middle, sloping down gradually to 
depressed triangular horizontal ears which are occasionally slightly 
arched along the hinge-line and upturned at the cardinal angles, 
but are not sharjdv marked off from the body ; hinge-line with 
more or leas developed thickene<l band along its edge forming 
a narrow smooth false hinge-area set at right angles to the plane 
of the valve and usually bearing inside its edge 1-3 stout, 
short, straight, hollow spines, obliquely directed outwards 

and upwards ; beak low, broad, obtuse, rounded, very slightly 
incurved or elevated, scarcely or not at all projecting beyond 
hinge-line. 

Surface of pedicle-valve covered with numerous fine rounded 
radial riblets usually straight and of equal size and thickness, 8-10 
occurring in a spa(*.e of 5 mm. at a distance of 15 mm. from the 
beak, and increasing in number by intercalation at about one-third 
to one-half their length and occasionally again nearer tlu) margin, 
but sometimes with a few riblets thic.ker than the rest for all or 
part of their length or as far as the base of a spine wlu're they divide 
into 2-3 smaller riblets which rapidly become as thick as the others. 
Spine-bases on body very few and irregularly distributed, usually 
on the thicker riblets, sometimes more numerous in iimbonal region 
than elsewhere. Intercostal grooves rounded, as wide or rather 
wider than riblets. Whole surface of shell covered with a close fine 
concentric striation, and having a bnv inconspicuous low weak 
rounded rugae mostly developed on the ears and posterior slopes 
of the body. Interior of pedicle-valvo with large flabcllate radially 
striated diductors weakly marked, extending fully half the length 
of the valve, having more deeply impressed posterior stalks em- 
bracing a narrow adductor scar and bounded by coarsely pitted 
ovarian areas on each side at base of ears. Brachial valve deeply 
coTHiave, closely appresscd to opposite valve, with ears more clearly 
marked off from body and having a gentle independent convexity ; 
surface covered with riblets similar to those on opposite valve, but 
usually increasing in number by bifurcation more than by int^if- 
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calation. Iiitorior with low median septum extending about half the 
length of the valve. 


Dimensions 

1. 

11. 

111. 

IV. 

V. 

VI. 

Width 

37 

3o 

40 

40 

43 

31 Him 

Jx*ngth 

28 

27 

27 

30 

31 

27 mm 

Depth . 

10 

. . 

8 

12 

ir> 

13 mm 


Remarks . — This species is by far the most abundant fossil in the 
shell-band, and it frequently forms the bulk of the rock. Detached 
specimens free from matrix, though rarely perfect, also occur in 

the later collection made by Mr. Geo. The species vaiies slightly 
in the convexity of the })edicle-valvc and in the degree of elevation 
and overhang of the beak, but the convexity is never strong nor 
the Ijeak swollen, and the general flatness and horizontal extension 
of the valve without any marked anterior curvature downwards 
are characteiastic features ; the presence of occasional stronger 
riblets and of scattered spine-bases on tlie surface are also tyj)ical. 

Its affinities were at first thought to be with Vr. hernisphericus 
Sow.^ of th(* Lower Carboniferous, and Krenkcl ^ has given a 

(igure of this species from the Tian-Slian whuffi considerably re- 
semldes some of our shells. .Davidson (oj). cit.) regarded /V. hemi- 
sphericus as merely a variety of iV. (jiijanleus Mart., and depicted 
a large niiml)or of .small spines along the cardinal edge, to which 
feature Vaughan ^ also alludes. The latter author in noticing its 

(dose relations to Pr. cora (auett.) distinguishes it by the more 
gradual slope of the sides, the broader and less arched beak and the 
stronger cylindrical rolling of the wings, as well as by the more 
transverse sliape of the shell. Some of the shells from the Cora 

and ScIiwng(U’ina horizons of the Urals attributed by Tschoniyschew^ 
to Pr. corn bear a great resemblance to our species in tlu'ir general 
shape, slight convexity, small proje(jtion of the beak, thickcuied 
cardinal margin and supra-canlinal spines, but we may doubt if 
these Russian shells belong to the same species as the true South 
American Pr, cora D’Orb. The synonymy of this species is still a 

^ D.ividsoii, iVloii. Unt. (-arb. Urduli. (I’aliooiit. iSut.), Vel. ]|, p. 14 [>l. XL, 
II 4-y. 

® Krt akel, Ahh. buyer Akud. Wiss., Math. Phye. Kt, \XVJ, Abb. S, lOlS, p. 41, 

t. II, tig. 1. 

“ V’aiighaii, Qiiar/. Jauni. Oeol. Soc., Vul, 190.J, ]>. 291, pi. XXV, tig. ty. 

* 'iVhornyhiclioNV, Mem. Com. Geol. Httss., Vol. XV 1, No. 2, 1902, pp. 279, 021. 
t. XXX 1 11, figs. 2, a, t. XXXV, tig. 1, t. LIV, ligs. 1-5. 
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iiiiil tijr of controversy Wc may also draw att(^ntion to the 
similarity of tlie figure of a shell from the Oarhoniferous of Yuixnan 
nitributed l)y Mansuy “ to /V. co7'o, wliile one from Cambodia® 
attributed by him to J*r. lincatus (which is often included in Pf. 
cora) has the same kind of cars, riblets and cjardunil spines as our 
species, but possesses a more inflated body and more overhanging 
beak. 

With r(3gard to North American shells winch have l^eeii referred 
to J*r, com from various horizons in the (’arboniterous or J^tiuo- 
(.’arbonib'rous, some of them Ix^ar a eonsideralde resemblance to our 
lljmiria shell, especially some of the shells iigur(*d in' Cirty from the 
Wewoka Information of Oklahoma as Pt\ cora, for they Jiave th(‘ 
s})iiiiferous riblets largei* and more prominent than the rest. But 
we may particularly cotnpare the shell figured l>y Hall and Clark(i 
as /V. (luricalatus Swallow, from the Coal -V(‘asures of iMissoin’i, 
whieh in shape, rib))ing and cardinal spines a])p('ars to be clos(dy 
similar, 'riie species termed Pr, Haajnus Meek and Wuithen/' 
from the Keokuk of Illinois, seems also to have many features in 
coinmoji. 

Amongst Australian shells referred to Pr, com we may cojn])are 
tin* variety farlcycnsis Bfli. and from the Lower Marine sta.g(i 

of New Soutli Wales. 

But it seems inadvisable to include our shells in the very varied 
asseml)lage of fonUvS referred to Pr, cora, and a new sj)ecifi(i nanui 
seems fully justilied. 

It may be lu'iiti.med that certain figured examples of Pr, 
(Maryinijem) riliiana Diener ^ from the Zewau Beds of Kashmir, 
lacking a nu’diaii sinus, seem to resemble Pr, umariensis in shape 
and general characters, but the latter cannot be referred to this 
subgenus. 


^ lla^^asuka, Sucnce He.pt. 'I’ohohi Impef. (Jnir., J^er. 2, (icol., Vul. VJ, No. J, 1922, 
|)]>. S0-9l]. 

* , Mein. Sen . Ociff. Ifnhj-Ohine, Vo\, 1, fawc. 2, 1912, p. 95, pi. XVII, 
l.g. 9. 

3 Ibid, Vol. Ill, farti'. ;i, 1914, p. 18, pi. VJ, figs. 2a-e. 

* (July. Bull. 544, L \ /S'. (leol. *Si<r/’., JUld, p. 08, ]»1. VIII, figti. -i, 5 (non 0), 

® tlall and Clarko, Palaeo/U. New York, Vol. VllI, Urach. 1, 1892, pl. XV^IIA, 
lig. 24. 

« .Meek and Wortlu'ii, OeoL Surv, Illinois, ill, 1SG8, i>. 528, pl. XX, fig. 7. 

^ Kt-hcndge and Dun, Rec, Geol, Rurv, N, /S. Wales, Vol. VI II, pt. 4, 1909, p. 302, 
pl. XLIl, figa. 9-11. 

* Diencr, Anthrao. Faunae Kashmir, etc., Pal, hidica, N. S. Vol. V, pt. 2, 1915, 
p. 79, pl. VllI, ligH. 10-12. 
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Prodaclm umariensis var. spinifera, 

PI. 33, 

PI. 35, lig. 1). 

Slioll tninsver.sely suhquaclratc ; liingo-line e-qual to or rather 
Jesa than inaximinn width of shell. Body of pcdic'le- valve gently 
convex ; beak rafclier small, not swollen, scarcely incurved, very 
slightly projecting behind : ears somewhat flattened, large, not 
sliar})ly marked oil from body )>ut possessing a cardinal curvature ; 
cardinal angles subvi'c.tangidar or obtuse ; cardinal margin more or 
less thickened and hearing above its edge 2-3 larg<4 stout liollow 
spiiK's directed outwards and ba(‘kwards nearly in phnie of valve, 
with a few smaller spines on })osterior slopes of umbo. Surface of 
valve (“overed with regular siib-ecpial rounded rib](‘ts occasionally 
swelling up into hollow spine-bases which are usually arranged in 
an open (piincunx ord(*r, G-IO rihlets aj)art ; each riblet beyond its 
spine-base divides into 2 or 3 smaller riblets which ultimately become 
as large as tlui others, (.loucemtric rugae strong on ears, but weakej* 
and narrower on body, meeting hinge-line at obtuse angle. 

Dintensions , — Width 20-10 mm. 

Ifetnarh.- This varu.'ty seems only sepa,rahl(‘ from the typical 
Pr. u/if(iri('}hsfs by th(' greater abundaiu'C ami nion* i'(‘gular distrihu- 
tioji of spiiie-])ases on the body. It is Tuiich like some sj)cci]n(‘ji.s 
of /’r. cdticrihi Kut. as figured l)y Xetscliajcw ^ froni the Permian 
of Russia., l)ut it is iu»t like ty})ical examples of that species. A 
sIk’II from the Wevvoka h'uimation of Oklahoma which Cb’rty- de- 
scribed and figured as “ an unusual form of /V. cora bears also a 
considerable resemblance. Home of the shells attributed to Pr, 
nnicrinifo) mis T.scliem. by Diemu- " from (-JiilicJuin and by Hchell- 
wien * from the 'JVogkofel shoAv many points of similarity, judging 
from f.Iio published figures. Pr, jh^rUnvis Meek, which t/irty ^ says 
is intimately related to Pr. corn, is also apparently allied, and it 
is specially mentioned by TsehernyseJiew ® and Dienor as much 
resembling Pr. cnncriniforniis. J»ub the typical specimens of Pt, 
eavc^'mifmmis are much narrower, more elongated and more swollen, 

* NcUycliajew, Mtru. ('ow. fJtol. /]??«,•>., JM. S., LiVj-. 0), JiUI, p. lliS, t. JJJ, ll^s. 2*5. 

-lUrty, ihiJl. 5:4, U, IS. Oeol. Svrv., 19JS, p. Gs, pi. \'IJJ, 0 (non 4, A). 

^ Dienor, Uimal. Jb’ofjS., VoJ. X. pt. 3, (Paf. iiniirn Ser. XV), p. 2r>, p], XV, lig. G. 

* Sobellwioii, .\b1\ k. k. gcnl. ifeirh*<ansf., XVI, li)U0, p, 43, t. IX, lig»* X-*^* 

‘ CJirty, op. rit.f p. 75, pi. VlIX, figs. 3, 3ft. 

* 7 schcriiyscliew, J/cm. Coni. Geol. Urns., XVI, 1J02, pp. 292, 629, t. IIX, lig. 5. 
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jiiid are quite unlike the Umaria shell. The American species Pr. 
praltenianus Norwood ^ which some authors ^ consider inseparable 
from Pr, corn, includes some shells ® which seem to bo identical in 
general characters with our Umaria form, but are quite distinct 
from the typical Pr, cora. The division of the riblets anterior to 
tlic base of the spines on the general surface of the shell is similar 
to that figured and described by Weller in an allied American species 
namtid Pr. fcniylenensis Weller from the Kinderhook (Jroup of 
Illinois, and it seems to be rather a peculiar and characteristic 
feature. 

The increased number of spines on the body is the only 
feature by which we can vsatisfactorily sc2)arate our variety from the 
typical Pr. umariensis, and there are some transitional forms in 
the collection. It occurs in the shell-band and on horizons A, B and 
C. One specimen from horizon C (K 23*203) which is here figured 
(FI. 36, fig. 9) differs from the ty^ucal s'pinifvra by having an un- 
usually short hinge-line and a sub-circular rather than transverse 
outline to the shell, but in other respects it does not seem to show 
any features by which we can separate it. 


Prod Net as reivalimsis sp. nov. 

PI. 32, figs. 1, la. 

PL 36, figs. 1-7. 

Shell transversely subquadrate to Hemi-elli]>tical, wider than long ; 
hingc-liiUi equal to or rather greater than width of sh(*ll. Pedicle- 
valve con\ex, more or less inflatc'd, rounded ; beak broad, obtuse, 
rounded, swollen, sojiiewhat overl)anging and j)rojccting beyond 
hinge-line ; (.*ars ratiier large, triangular, rarely subacute and pro- 
jrcting, depressed, but not sharply marked oil from the swollen 
body which rises with a marked independent convexity from them. 
Surf act! of valve covered witli fine regular equal or subequal rounded 
thread-like non-spiniferous riblets increasing in number by inter- 
calation once or twice, and numbering about 16 in a space of 10 mm. 


* JS'orwood, Jnurn. Arm!. NaL Sr. VIula<t.. Jll, J8 ,j4, J). 17 , fig. 10. 

“ St huchert, H/df. 87 i'. S. Urol, tiuir., 1807, jj. 822. 

^ Alofk, Fiiinl Jirpt. Ucol. Sutr. Ntbrasku, 1872, 1(»3, jjI. 8, SgH. 10a, b (non cet.). 

* \VcIU*r, Mon. 7, Stute Gcol. Surv. lUinots, 1U14, p, lUG, pi. iX, figs. Il‘i7. 
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at a distance of 10 mm. from the beak. Hinge-line occasionally 
thickened and furnished with 2-4 supramarginal spines. 


Dimensions. 

I. 

II. 

III. 

IV. 

V. 


Length 

27 

26 

26 

33 

28 

mm 

Width 

34 

34 

29 

44 

30 

ram 

Depth . . . . 

. ' 13 

13 

12 

15 

17 

mm 


Remarks , — This shell which occurs on all the horizons varies 
somewhat in its proportions, some specimens being wider than 
others. It appears to be allied to the Russian species Pr. Tschemy- 
schem Netsch.^, of Permian age, but differs chiefly in being less 
globose, shorter and more transverse, as well as in the ears being 
larger and rather more distinctly separated from the body and in 
the riblets being rather coarser. From Pr. wnariensis it differs in 
the more inflated overhanging and broader beak, in the more con- 
vex and swollen body, in the greater regularity, larger number and 
smaller size of the riblets and in the absence of spincvS upon them. 
But it is sometimes difficult to separate the two local species, and for a 
long time there was hesitation in regarding them as specifically dis- 
tinct. Another Russian species Pr. planohemisphaerium Netsch. ^ 
has more enrolled ears, but otherwise seems to be allied, and Pr. 
htus Netsch.^ also shows many similar features. The shells from 
Chitichiui which Diener ^ referred to Pr. lincatus Waag. bear a 
certain resemblance in general characters to our shell, and we may 
also note its similarity to the shell from the Zewan Beds of Kashmir 
which Diener ^ identified with Pr. waagenianus (jirty,^* a North 
AiiKTican Guadelupian species closely allied to Pr. eucharis Girty,’ 
from the Upper Carboniferous of Idaho. 

In the collection from band (K 23*264) at Umaria there is one 
interior of a brachial valve (PI. 35, fig. G) showing an inner pair of 
short straight low very slightly divergent median ridges, and an 
outer i^air of slightly arched strongly divergent rather longer and 
more elevated ridges bisecting the angle between the hinge-Jine and 

1 Notflchajew, Mem. Com. Oeol. Russ., N. S., Livi. Cl, 1911, p. 141 t. I, figs, i), 7, 
t. II, figs. (Ml. 

ijbid.. p. 141, t. VI. fig. 0. 

» Ibid., p. 142, t. II, figs. 12, la. 

•Diener, Pal. Indica, Sor. XV, Vol. I, jit. 3, p. 14, pi. IV, figs. 2<C. 

» Diener, Anthnio. Fauna of Kashmir, eto., {Pal Jndica, N & , Vol. V, Mora. 2, 
1915), p. 71, pi. VI, figs. 18, 19, pi. VII, fig. 0. 

• Girty, Prof. Paper 58, U. S. Oeol. Rurv., 1908, p. 253, pi. XII, figs. 6, 7. 

’Girty, Bidl. 436, U. S. Oeol Rurv., 1910, p. 28, pi. II figs. 3, 4. 
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tlic inner pair of ridges. A ^arply curved narrower and lower 
brachial ridge of the usual type can be detected on the left side, 
but the corresponding one on the other side is not preserved. It 
is probable that this specimen belongs to Pr. rewahensis ratliei 
than to Pr. umariensis^ lor the valve is more deeply concave and 
more rounded and the beak is broader and ii’ore obtuse and the 
ribbing finer than in the latter species. The internal cast of a 
pedicle-valve (PI. 35, fig. 7) from the same band D (K 23*264) shows 
the flabellate diductors subcentrally divergent and with rather long 
parallel posterior stalks between the bases of which lie the narrow 
conjoint adductor impressions. 


Prodnetm reivahemia var. voroidcs. 

PI. 32, ligs. 2, 2a, 3, 3a. 

PI. 35, figs. 8, 8a. 

Shell .sii))(jun,drate in sliaj)e, jis long us wide ; hing(‘.-line latlior 
less than maximum w'idth of sh(;ll ; cardinal aogles not prodm ed. 
Pedicle-valve sw^ollen, rounded, convex, arching down uniformly at 
front and sides ; ])oak very broad, rounded, swollen, olduse, over- 
hanging liinge-liiie ; ears small, sid)tria,ngula.r, slightly enrolled and 
pointed but not j)rodnr'(‘d, jif)t llattenc‘d. scanM'ly marked off from 
body ; liiiige-line with 2-3 short blunt sub-marginal s])ines. Surface 
ornamented with numerous fine rounded radial ecpiidistant iioji- 
spinihTOus riblets of equal or sube([iial size, increasing in number 
by intercalation and oe-easional bifurcation, 20-25 riblets occurring 
in a spa(!e of 10 mm. at a distance of 10 mm. from beak. Concentric 
growth-ridges few*, low, broad, inconspicuous or absent except in 
cars. 


L>hucn,'^inu,'i. 

I (n. lit', s) n. 

111. 


;{8 

30 null 

Width 

32 ;!!) 

35 nun 


22 — - 

- . 


Remarks . — This variety, of which the best example is the speci- 
men figured on Plate 35, fig. 8, seems almost indistinguishable from 
some of those figured by Netschajew (op, cit.) as Pr. Tschernyschewi 
and differs from the typical Pr. rewahensis above described by its 
more su])quadrate shape and relatively shorter hinge-line. Some 
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shells from the Pennsylvanian of Colorado which Girty ' figures 
as Pr. cora bear a considerable resemblance, and Pr, allonensis 
Norw. and Pratt.* from the Lower Carboniferous of Illinois mav 
also bo compared. 


Sjnrifer narsarhensis sp. nov. 


variety 


PL 33, figs. 7, 7a, 7b. 
PL 36, figs. M. 

PL 33, figs. 8-10. 

PL 36, fig. 5. 


Shell transversely semielliptical to rounded subtriangular, with 
cardinal angles slightly rounded or olitusc and hinge-line slightly 
less than maximum width of shell. Pedicle- valve subtriangular. 
moderately convex ; sinus rounded, usually shallow, well defined, 
continuous from beak to anterior margin with narrow more or less 
flattened floor often occupied by a weak median riblet, and having 
its more or loss flattened steep sides bordered by the first lateral 
ribs which may or may not divide uneipially at about one-third to 
onc-half their length, the sraalh^r inner half forming a weak narrow 
riblet on the side of the sinus ; beak high, pointed, promin(*nt, 
incurved, with con(;ave rounded uinbonal shoulders ; hinge-area 
high, concave, triangular, lying nearly in plane of valve or gently 
inclined to it, striated parallel to hinge-line. Lateral lobes with 
6-8 strong prominent sharply rounded or subangular ribs on each 
side, successively decreasing in size and strength to cardinal angles, 
some or most of them bifurcating imccpially near their distal extre- 
mities ; interspaces subangular or angular, as wide as ribs. Brachial 
valve rather more convex than opposite valve ; beak much lower 
and smaller, and hinge-area much lower ami narrower ; surface of 
valve with suddenly elevated strong subcjuadrate median fold rather 
slowly widening anteriorly, flattened and gfoov(‘d along the middle 
of its narrowed top, and having a thin weak ribh’t (rarely two riblets) 
for most of its length on each lateral slope. Lateral lobes with 
6-7 ribs on each side similar to thosi' on opposite valve, some or 
all of them bifurcating near tbeir distal ends. Surface of both 
valves covered wdth strong subequidistani imbricating concentric 


1 Girty, Prof. Paper 10, U. S. Geol. Star., lOC.'J, p. 304, pi. IV, figs. 4. 

2 Weller, op. cU., J914, p. 124, pi. X, ligs. 14-24. 

F 2 
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lamellae crossed by a very delicate close radial striatioii. Interior 
without septa or dental plates. 

Dimension fi, 

Widtii (max.) . . . . » . . .21 mm. 

Jjcrigth ,, ......... 17 min. 

Remarks , — There is one good complete specimen {P\. 33, figs. 7, 
7a, 7b) of this species in the lirst collection from TTmaria (K 21 ’425) 
and three complete but poorly preserved specimens from horizon IJ 
(K 23 *2b2) in the second collection, as well as many separate pedicle- 
valves, some of which show the interior. There is a noticeable 
variiitaon in the development and number of bifur(;ated ribs on the 
lateral lobes, some examples having nearly all the ribs simple, and 
the riblets in the sinus and in the fold also vary slightly in dovidoj)- 
ment and strength. The minute radial striation on tin', surfaci* is 
randy visilile, but the concentric Janiellac are always conspicuous. 

The g(*ueric reference of this shell has been a matt<T of soinc’ 
doubt becaiiaci of its resemblance in shape and ribbing to certain 
species of Spiriferiiia in spite of the absence of an internal nu'diau 
S(!ptum in the pedicle- valve. The general characters at first led to 
its reference to Spiriferina, and it was provisionally considered to 
btdong to Sp. octopUcata Sow., for in the occasional bifurcating 
lateral ribs it particularly resembles the variety blplieala l)av.^ of 
the British Lower Carboniferous and the Itussian Lower Vermian.- 
But the typical Sj), octopUcata ^ has fewer lateral ribs and an angu- 
lated median fold. The typical form of the allied species Sp. perpli- 
cata North ^ has also an angular fold, and there are no bifurcated 
ribs on the lateral lobes nor any riblets in the sinus or oti the sides 
of the fold. In the presence of th(?sc riblets we jnay note a resem- 
blance to Sp. camhodgicnsis Mansuy ® from the l\umo-Carboniferous 
of Jndo-Ckina, and the sluape of the shell and of its sinus and fold 
are closely similar, but in Mansuy 's s])ecies all the ribs are simple*, 
and usually fewer in number, and Colani has romarkeel that it 
appears to connect seve^ral species. It may be mentioned that 
although Sp, cristata (Schloth.) (of which Sjk octopUcata is often 

1 Davidson, Mon. Brit. Foss. Brack,, Vol. JI, Appendix, p. 220, jd. JJJ, figs. II-IS. 

* Fri'dej’iks, Jicc. (Jcul. Comm, Buss, Far East, No. 28, 1924, p. 3r), t. T, Jig. 15. 

* Noiih, Quart. Journ. Ccol. Hoc., Vol. J.tXXVIl, 1920, p. 215, pi. XllI, figs. 8, 9. 

« Ibid., p. 219, pi. Xlir, %8. 7a-c-, 10. 

** jManfluy, Mem, Serv. (leol, Indo-Chine, Vol, II, fuse. 4, p. 119, pi. XIll, fig. (J; 
ibid., VoJ. lir, fane. 3, 24. 

® Colani, Bull, JServ, Gtol. Inilo-Chine, Vol. VI, fasc. 5, 1919, j). 13. pi. J, figs. 3a-c. 
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regarded as only a variety) has usually an angular sinus devoid of 
any riblets, yet Davidson records their occasional presence in some 
British Carboniferous examples, and we also find a riblet in some 
specimens ^ of Sp. duodmmcostatn McCoy from the Carboniferous 
of Queensland. We cannot, however, fail to notice in our Umaria 
shells many features which are possessed by some of the shells 
referred by Davidson to Spirifer grandicostatus McCoy, such as 
the shape of the shell, the bifurcation of some of the lateral ribs 
and the presence of riblcis on the fold and in the sinus. Tscherny- 
schew ® believed that Sp, rcctangxdus Kut. from the Upper Car- 
boniferous of Russia, was closely allied to Sp, grandicostatus, but 
none of his figured specimens much resemble our Umaria form. 
The latter is more like some specimens attributed by Licharew ^ 
and Netscliajew ® to Spirifer Blasii Do Vern. from the Russian 
Permian, which is admitted to be a very variable species, but 

Mausny’s^' variety of it from the Permian of Yunnan is cjuitci 

different. Spirifer Leidyi Norw. and Pratt., ^ of the Chester Lime- 
stone of North America, bears a much greater resemblance in its 
shape, ribbing and ornamentation, than any of the above mentioned, 
and Sp. pellaensis Weller also from the Lower Carboniferous of 
North America, is another allied species. But our species has a 
less strongly divided median fold in the brachial valve than Sp. 
LeAdgi, and its lateral ribs are more commonly bifurcated. There 
is a species from the Fenestella ISeries of Kashmir described by 

Diener as Spirifer Middlcrnissi ® and regarded as closely allied to 
Sp. grmidicostalus McCoy, which is almost indistinguishable from 

our Umaria form. But the fold is stated to be divided by three 
principal ribs of which the central one is the largest, instead of the 
fold having a median groove, though the occasional bifurcation 
or trifurcation of the 7-10 lateral ribs and the lamellosc character 

1 Do Konirick, Doscr. Paltpoz. Fosri. N.S. Wales (transl. JC. David), Mem. Gcol. JSvrv. 
X.H. Walc^, PaUmni. No. 0, 1898, p. 182, pi. XIJ, Hg. 4 and lootnote. 

* DavidHOxi, op. cit., pp. Xi, 222, pi. Vll, liga. 7-lG. 

® Tsohornysrhew, op 1902, p, 645, t. VJII, Tig. 3, t. XLI, figs. 1-5. 

* Licharew, M(7h. Com. (Jeol. N. S., Livr. 86, 1916, p. 64, t. Ill, ligs. 9, 11. 

Nctechujew, ihid.^ Livr. (II, 1911, p. 82, t. XJl, ligs. 9, 10. 

® Marisin, Mem. Seru. Gcol. Indo-Chine, Vol. 1, fuse. 2, 1912, p. 114, pi. XXII, 
ligM. 2a 0 . 

’ Norwood and Pratton, Juurn. Acad. Nat. Sc,,Philad., Ill, 1864, p. 72, pi. 9, lig. 2; 
Wrdlor, op. rU., 1911, p. 345, pi. XLVIJ, Jigb. 17-31. 

® Weller, op. cU. 1914, p. 340, pi. XLV^ figs. 1-31. 

^ Diener, Anthrao. Faunae of Kashmir, Kanaur and Spiti. PaL, N. \’ol. V, 

Mem. 2, 1915, p. 41, pi. IV, figs. 9-12, 
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of the test agree precisely with our new species. The sinus in the 
pediclc-valve of Sp. Middlemissi is said to be narrow and to bo 
divided by one or two lougitudinai ribs, and in the allied species 
Sp. V arumi Diener,^ fcliese ribs are more niin\erous, and Dieiier 
mentions its resemblance to Sp. Blasii, The reduction in the 
angularity and number of the lateral ribs, their simplicity and the 
more rounded outline of the shell lead us by intermediate forms 
(PL 33, figs. 8-10, PI. 3(), fig. 5) to the fairly distinct variety des- 
cribed below. 

On the whole the alfinities of Sp. narsarhensis are more with Sp. 
gra7idicostatus, Sp. Middlemissi and Sp. Lcidyi than with any others. 

Spirifer narsarhensis var. pauciplicata. 

PI. 33, fig. 11. 

PI. 36, figs. 6, 7. 

Shell transversely oval to elliptical ; cardinal angles well rounded, 
hinge-line less than maximum width of shell. Pedicle-valve gently 
convex, more so than opposite valve ; beak scarcely elevated above 
lunge-line, incurved ; hinge-area small, low, triangular, concave, 
steeply inclined to plane of v.alve ; median sinus rounded, deep, with 
steeply sloping sides and narrow flat floor, usually without a weak 
median rounded riblet and rarely with a shorter narrower lateral 
one on each slope ; lateral lobes with 4-7 rounded or slightly sub- 
angular strongly elevated simple ribs decreasing successively in 
size towards the cardinal angles (near which they are occasionally 
obsolete) and separated by wide rounded interspaces as wide as or 
wider than the ribs. Brachial valve with subquadrate narrow high 
median fold suddenly elevated, more or less flattened on top rarely 

grooved and not wider than two of tue adjacent ribs, rarely having 

weak narrow riblets on its steep slopes ; lateral lobes with 4-7 ribs 

on each side similar to those of opposite valve ; l)cak small, obtuse, 

low. Surface of shell covered with strong regular concentric over- 
lapping lamellae, usually equidistant, and crossed by very delicate 
radial striation. 

Brachial valves. 

I. 11. 111. 

J-ength 13 0 9*5 17*0 mm. 

Width •••••» 18*5 IG’O 24’i) mm; 

1 Ibtd.. p. pi. 34, figs., 13-15, 
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llcmarls, — As above remarked this variety is connected with 
the typical Sp, narsarhensis by passage-forms. But in extreme 
examples the ribs are further apart, wider and fewer in number, 
the shell is more roujided and elliptical in shape, and the ribs are 
always simple, so that cfirtain forms seem sufficiently different to 
deserve a varietal name (pauciplicata) though they occur associated 
with the type of the species in the same beds. Mr. E. R. dee has 
collecteil a considerable series of specimens, mostly of isolated 
valves, from horizon B, and they are in several cases in a good state 
of preservation. It seems as if this variety were more like Spirifer 
bifurcatiis Hall,^ than Sp. Leidyi Norw. and Pratt., though Schu- 
chert put them as synonyms. The original example from Umaria 
(PI. 33, iig. 11) was much crushed and imperfect and was at first 
identified us Spiriferma cristata Schloth. 

Reticularia harakarensis sp. nov. 

PI. 31, figs. 1-9, 10 ? 

PL 30, figs. 8-11. 

Shell subcircular to transversely subelliptical, gently biconvex ; 
hinge-line short, less than width of shell. Pedicle- valve moderately 
convex, with strong rounded broad median sinus extending from 
the beak to the anterior margin increasing in width, well defined 
by low sliarply rounded edges or weak folds and having rather 
steep sides and the floor projecting in front as a short rounded 
tongue ; ))eak rather suddenly elevated, small, high, prominent, 
acutely pointed, sharply incurved, with sides somewhat excavated 
and diverging at less than 90° ; delthyrium triangular, open ; 
hinge-area gently concave, triangular, not sharply defined at sides. 
Interior of pedicle-valve with straight or slightly arched thin dental 
plates, scarcely divergent and extending about one third the length 
of the shell. Brachial valve with low median rounded fold and 
small inconspicuous beak. Surface of valves covered with narrow 
regular closely-placed thin concentric lamellae of fairly equal width 
covered with a dense felt of closely placed minute radial equi- 
distant hollow flattened recumbent spinules usually alternating on 
successive lamellae and resulting in a regular fimbriation of. surface 

> Weller, o/i. d(., p. 340, pi. XLVII, figs. 6-16. 

• Hchuchert. Bull. 87, V. S. (hoi, Surv., 1807, p. 300, . . 



384 


Records of tJie Gcdiogtcal Survey of Indin. [ VoL. LX. 

in the middle part of the valves but radially arranged on the flanks 
and thus giving in these parts the appearance of radial lincatiou. 

Dimevftions. J. j], 

;.0 28 nini. 

^Vidth ;}2 :?() mm. 

RemurJes . — The true reference of this fossil was a matter of much 
difliciilty in the case of tlic first specimens submitted to me, as 
only broken valves or impressions of parts of the surface were 
available, and the appearance of the ornamentation differs much 
acconling to the state of preservation and its position on the shell. 
In cases where tlie shell is rubbed the surface looks as if it wen; 
pitted, the spaces left by the spine-bases forming minute laiicoolatci 
or oval pits. Most of the specimens arc crushed or distorted, but 
the further material obtained hy Mr. E. R. (b'C from Horizon B is 
in a h(‘tt(T state of | 'reservation, so that the external characters of 
(he species can be quite satisfactorily determined. 

The resemblaiiee of this shell to nuiiiy of those referred to Spirifer 
lincatUH Mart., such as that one described and figured by Dc Koninck^ 
from the Permo-Carboniferous of New South Wales, is at once 
apparent. But the tyj)ical Sp. lineatiis Mart, of the European 
Lower Carboniferous and the shells from the Productus Lime- 
stones of the Salt Range referred to that species by Waagen,® are 
quite different, the broad median sinus in the pcdicle-valvc of our 
form being particularly noticeable and distinctive. There has been 
much latitude in the use of the specific name lineatuSy and the species 
has been frequently recorded from Upper Carboniferous or Permian 
beds in Asia ^ and elsewhere, though we may doubt the accuracy 
of all the identifications. Thus the American shell Squamularia 
perplexa McChesney ^ has frequently been mistaken for it in the past, 
being externally not unlike many of the shells referred to Martin’s 
Relicularia lineata, but Girty ® is led to believe that Squamularia 
h as no internal plates and thereby is generically separable from 

1 De Koninck, Palasoz. Fopa, New South Wales (transl. by Edgeworth David) Mem. 
GeoL Siirv.f N. S, Wales^ PalaBont. No. 6, 1898, p. 174, pi. XI, fig. 9. 

2 Waagen, Salt Range FobS. I, (Pal. Indica, Ser. XIII), p. 540, pi. XLII, figs. 6-8. 

^ JBroili, Perm. Brack Timor (Pahiont. Timor, Licf. VI, Abt. Xll, 1916), j). 40, t. 121, 

bgH. 1, 6-8, t. 122, figt;. 1-16; Hayasaka, Science Rent, Tokoku Imper, Univ., ^r. 2, 
Gcol., Vol. VllT, No. 1, 1924, p. 51. pi. VI, figs. 15, 16. 

Kiirty, Bull. ryU, U. S. Gcol. Svrv., 1915, p. 92, pi. XI, iigs. l-3a. 

* (Jirty, iti Willis and Blaokwolder ‘ Research in China (Carnegie Instil.), Vol. 
Ill 1913. pp. 300, 322, 
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Reticuhria. The resulting confusion has been recently mentioned 
by the present author ^ in describing specimens from the Upper 
Carboniferous of Chitral, and Girty,^ Buckman,® Hayasaka ^ and 
other writers in late years have alluded to the difficulty of separating 
the many forms or varieties grouped under the designation Sp. 
lineatuSy and there is little agreement in their views. Thus Hayasaka 
(op. cit.) considers that one of the distinguishing features of Squa- 
mularia is the possession of a ventral sinus which is absent in Reti- 
cularia. But this does not conform with Davidson’s opinion^ for 
he included the sinuated Sp, mesoloba Phill. in R. lineata. Girty 
and Kozlowski ® likewise differ. It should be also mentioned that 
though Waagen ^ states that Reticularia has no dental plates, 
Girty regards their presence in this genus as the important and 
critical character distinguishing it thereby from Squamularia. Frc- 
deriks,"^ however, includes Broili’s examples of R. lineata from 
the Permian of Timor in his synonymy of Squamularia perplem 
McCliesney. The examples of R. lineata figur(‘d by Diencr ® from 
the Himalayas or those of this species and its allies figured by 
Mansuy ® from the Productus Limestone of Indo-China do not 
represent a shell identical with the present one from Umaria. The 
Russian species /?. rostrata (Kiit.) is also different, but the Sicilian 
R, qfflnis Gemm. with which Diencr ultimately compared some 
of the Chitichun specimens, bears more resemblance to our form. 

There is a shell from the Carboniferous Limestone of Ireland 
which McCoy named Reticularia reticulata which agrees with our 
shell in the presence of a median fold and sinus, as well as in the 
general ornamentation of the surface, but it cannot bo considered 


1 lU'oil, Upper Garb. Foss. Chitral, {Pal Iiulica, N.S. Vol. VI, Mom. No. 4, 1925), 
p. 8S. 

-Giriv, Prof. Paper 58, V, S, GeoL Surv,, 1908, p. 300. 

^Buckman, Quart. Journ. Oeol. Soc., 1-.X1V, 1908, p. 33. 

* Hayaaaka, np. cit., Vol. VI, No, 1, 1922, p. 129. 

* Kozlowski, Afnwles de Palio?it. IX, 1914, p. 73, text fig. 18. 

• Waagoii, Salt Range Foss. I, (Pal. Indica. Ser. XITI), pp. 538, 540, pi. XLII, 
figs. 6-8. 

’ Frederiks, Itec. Oeol. Comm. Buss. Far East, No. 28, 1924, I, Brach., p. 47. 

•Diener, Hioiil. Foss. {Pal. Indica, Sor. XV), VoJ. I, pt. 3, 1897, p. 67, pi. IX, 

figs. 5-8. 

• Mansuy, Mem. Serv. Oeol. Indo-Chine, Vol. II, fasc. 4, 1913, pp. 80-82, pi. IX, 
tigs. 1-3. 

Tscheniyschcw, Mem. Com. Oeol. St. Petersb.. XVJ, 2, 1902, pp. 194, 575, t. XV, 
figs. 4, 5 ; t. XX, figs. 14-18. 

n Diener, op. ciL, Vol. 1, pt, 5, 1903, p. 19. 

1* McCoy, Syn. Carb. Foss, Ireland, 1844, p. 143, pi. XIX, fig. 15. 
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i(]fintical. The typiral 7?. hnhricaia Phill.^ from the Carboniferous 
Limestone of Yorkshire, is also closely similar in external characters. 
But Da^'idson ^ rejijardcd' the Irish species as a synonym of R. 
lineata Mart, a nr! the Yorksliire one as beiii j^ merely of varietal rank. 
With great (T .djeecss we may compare* our Umaria species is more 
comparaMe with R. srfigera Ifall,^ ajid to a lesser degree with R. 
pseud nlmeata Jla.ll ■* and R. salemensis Weller from the Lower 

Carboniferous of the United States than with any of the foregoing 
spocios. 

Rvlicularia harahirensis var. suhplicala. 
ri. figs. 12, 13. 

Shell transversely elliptical, redicle-valvc gi'ntly ('onvex, having 
a shallow broad rounded median sinus rapidly increasing in width 
anteriorly with its floor somewhat fiattem^d and bearing a faint 
narrow median groove and ])rojecting as a short rounded tongue. 
On each side of the sinus a low broad rounded radial fold occupies 
nearly half of ea(!h lateiMl lobe, and there is a second similar but 
narrower and weaker radial fokl outside it occupying half the re- 
maining space to the cardinal margin, the folds being marked off 
by shallow sharply impressed slightly curved radial grooves ; beak 
small, low, rising a little above hinge-duo, acinely pointed, incurved. 
Surface of shell covered with numerous thin concentric lanuilla) 
having shorl adjacent rocuinbent radial spinules producing a minute 
liinifriation and Uneatiou. 

DnrfritsiuityS. 

Lrijj^t)] . . . . . . . . . . iil Jill)'). 

Width inni. 

Itemarl's. -This variety (of which tlierc is only one good specim{*n 
showing the lateral radial folds and another crushed one with the 
folds scarcely discernible, both from licuizun B, Jv 23*2()2) differs 
from It, haiaharcnsis not only by the presence, of these lateral folds 
but also by the shallower less sharply defined grooved sinus, the 

1 Piiilli]).S Oeol. Yorkshire. IHSS, p. 219, ]>1. X, tig. 20. 

® David'ion, Brii. Foss, Jirnrh., Vol. IT, 18,57, p. 02, pi. XTJI, tigs. 11-13; ibid., 
Vol. IV, pi. 1880, p. 275. 

* flail and ( larko, Paloout. Ntiv York, VllJ, Umch. If, pi. ;U1, figs. 26, 27. Weller, 
op. cit., 1911, p. 131, pi. LXXIV, figs. 12-22. tlirty, /JvlL .593, IJ. S. (Jeol 1915, 

]>. 6.5, pi. IV, fig. 0. 

Hall and Clarko, op* <it‘t pl* 36, figs. 28,J3U. 

'^Weller, op. cit., 1014, p. 433, pi. LXXV,JfigP. 16-19 
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more transverse shape of the shell and the lower and smaller beak 
to the pedicle-valve. The ornamentation seems to be identical. 
The presence of a sinus and median fold with a few broad rounded 
lateral radial folds with a similar shape to the shell are found in Reti- 
cularia fimbriata Conr.^ of the Devonian, and Miss Muir Wood has 
recently described a Lower Carboniferous species from Yorkwshirc 
under the name R, lobata^ having the same general characters. Apart 
from the ornamentation of the surface, the young example of 
Sp. Darwiiii Morr. figured by De Koninck® from the marine Perino- 
Carbonifcroim of New South Wales, and the Bussian Upper Carboni- 
ferous .species Sp, supraairbonicus Tschern.^ bear a considerable 
resemblance to our shcdl in the weak rounded broad lateral folds 
and in general shape. 


Athyris a£E. pratca, Abich, 

PI. 34, fig. 11. 

There is one imperfect specimen of a i)edicle-valve of a braehi- 
opod which seems closely to resemble the shell from the Kuling 
Shales of the Himalayas which Diener ^ has figured as Athyris 
[Spirigcm\ prolca Abich, var. alata. Cur example seems to have 
been sul circular in shape; the subanguJar edges of the sinus are 
elevated into narrow low folds, and the floor of the sinus is some- 
what angulated po.steriorly, though rounded anteriorly ; the lateral 
lobes are somewhat flattened or slightly concave, and numerous 
weak concentric growth lamellae cross the whole surface. A, protca 
and its varieties were first described from the Otoceras beds of 
Djulfa, Armenia. 


Orihotichia ? sp. 

PI. 33, figs. 12, 12a. 

There is a much weathered valve of a large brachiopod (K 21 ’424) 
having the surface of the shell mostly dcistroycd, but showing inter- 
nally a pair of rather long dental (?) plates which at first converge 


1 Hall and Clarko, op. cit., pi. 30. figa. 17-22. 

a Muir Wood, Quart. Jounu Geol. iSoc., LXXXl, 1920, pt. 2, p. 242, pi. XVI, figs, 
la-c, 2. 

» l)e Koniuok, op. cit, {tranal,) 1898, p. 179, pi. X, figa. U, 11a. 

* Tachernyachew, Mem, Com, Oeol. Russ. XVI, 1902, p. 553, t. XV, figs. 2, 3*. 
^Dienor, Himal. Fosa., VoJ. 1, pt. 5, 1903, (Pal. Indica, Ser. XV), p. 185, pi. IX, 
ligs. 5a-(b 
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for a short distance and then diverge for the greater part of their 
length at an angle of about 30®. The shell was apparently sub- 
quadrate, moderately convex, most so posteriorly, with a weak 
very broad median sinus or depression anteriorly ; the hinge- 
line is straight, and the beak is broad, obtuse, rounded, and slightly 
incurved ; the cardinal angles which are imperfectly preserved 
were apparently rounded or obtuse. The pair of supposed dental- 
plates roach about one fifth the lengtii of the shell. The surface 
shows traces of having possessed radial filiform striae, with con- 
centric rugae or lamelhe on the flanks. 

It was at first thought that this specimen was attributable to 
somi* species of Orthothdes such as O. gnadalirprnsis Slium.^ and 
0. Krnffli Diener,“ but it seems more likely to Ix'Ioiig to some species 
of Orthotichia, Srhizophoria or EnUidoides, es [XMual I y reseinbl i ng 
E. rossiens Stuck.'* from the (Tpper Carboniferous of Samara. Its 
g(UH‘ric referenct'. is, liowevcT, a jiiattcT of doubt. 


Ivddvrmividdc hravliiopod (giMius uiUHU'taiu). 


VI 35, fig. 10. 

There is a small fragmentary brachiopod from Horizon. A. 
(K 23'2fil) represemted l)y only one very imperfect specimen, 5-6 mm. 
long, which is diflereiit from any of those above described. It was 
apparently of a subquadrate or subcircular shape with a flattened 
surface bearing a weak median depression and about 16-18 strong 
straight radiating rounded ribs with scabrous ? elevations ; the beak 
is small and rounded. In some respects it resembles Strophalosia 
costaUi Waag.^ from the Lower Productus Limestone of the Salt 
Range, and AulnsUges percostatus Dieiier ® of the Fenestclla Series 
of Kashmir, but it may be merely a crushed pedicle-valve of some 
rhynchonelloid referable to Liorhynchus, Camarotwchia or Cama» 
rophoria. 

‘(Jirty, Prof. Paper .58, IL S. OeoL 19(>8, ]>. 191), |)1. X, J-5. 

JUoiior, llimal. Fobs., Vol. I, pt. .5, 1903 (Pal. Indira, Str. XV), p. 78, pi. IIJ, 
llgrt. 0, 7. 

3 Stuckenbprg, Mem. Com. (Jeol. N. 8., Livt. 23, 1905, pp. 00, 129, 1. VI, 

lig. «. 

* Waagen, Salt Range FobS., I (Pal. Indua), p. 05.5, pi. LXIIJ, ligs. 7, S, j l. LX IV, 
tigs. la g. 

* Diener, Pal. Indira. N. S,, Vol. V, Mom. 2, 191.5. p. 31, pi. IIT, figs. 4-7. 
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PI. 36, fig. 14. 

There is one small lamellibranch in the collection represented 
only by one right valve, and a fragment of another, both from 
Horizon 1) (K 23*261). The better specimen is suboblong in shape, 
abruptly truncated behind, but broadly rounded in front ; the 
upper and lower edges are nearly straight and parallel ; the beak is 
small broad low obtuse and situated far forward (but the anterior 
end of the valve is not well exposed) ; the valve is very slightly 
convex and has a broad very shallow median transverse depression 
crossing it obliquely ; a weak low straight umbonal ridge runs 
bcK'k to the posterior lower angle, and above it the valve is some- 
what flattened with traces of a narrow^ radial ridge on it; the 
wlioh* surface of the valve is marked by concenlTic growth-lines 
and ridges of rather unequal strength which meet the hinge line 
nearly at right angles. 

......... f. r» rum. 

Jli'luhl. S lain. 

AJJinHli'S , — Prom tlie general shape aJid characters of this shell 
it seems jirobable that it should be referred to some spechss of Janeia 
or Solenif/a ratJier than to AUorisma, Sphenalus or S(ini]uinolites^ though 
it is shorter and broadcT than usual in that genius It somewhat 
res(*mbles the, Himalayan shell nd’erred by Hieiier ^ to Janeia 
hiarmica (De Vern.). SjJi. nulfjaria dirty, “ also jnay perhaps lie allied. 


Plcnrofomaria nmariensis sp. nov. 

PI. 31, figs. 12, f 13. 

VI 35, figs. 1M3. 

Shell small, tnrreted to sub-tiirbijiatc, eonical, composed of 5-7 
rounded or slightly subangular wliorls incrcjasing rather rapidly in size, 
bearing a broad submedian slit-band on the periphery ; apical angle 
45° or rather less. Whorls rather flattened above and rounded below ; 

1 l>L<mcr, Hiinal. Foss. \'ol. 1, j>t, 5, 1003, {Pal, IndPa), p. 173, pi. VIII, figs. 7a, 
b, 8 ? 

» dirty. Ml. 603, U. tl. Oeol. Surv., 19IC, p. 78, pi. VIII, figs. 6-7. 
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Barface crossed by rather strong regular transverse fine lines meeting 
the slit- band on the lower surface at about 60"^ or more and on the 
apical surface at about 45°, but abutting against the suture line at 
right angles. Slit-band conspicuous, siibmedian, situated slightly * 
below the middle of the whorls, rather deeply sunk between strong 
raised prominent edges and having its gently concave surface crossed 
by regular closely placed slightly curved lunulae. Body-whorl 
rounded below, large, being one third (or more) the height of the 
spire ; base convex, deep, generally wdth a weak revolving keel a 
short distance below the slit-band. Mouth subcircular ; columellar 
lip nearly straight, slightly thickened and flattened, sharply exsert. 
Umbilicus absent. 

Oi tu // s i o n ( a v t* r;i ue ). 

ilciglit ........... 8 Him. 

Dinmi'lcr (it lnihal wliurl. ....... mm. 

Remarks,- All the lirst (.‘.xainples (K lil'425) from the shell- 
band and the associated soft greenish shales w(‘re crushed and 
imperfect, except one small turbinate specamen (IM. 34, fig. 13) 
which had an unusually low spire and wide apical angle and is 
doubtfully referable to this speci(\s. But Mr. Gee has sinc(‘, collecttMl 
a largo number of s])ecimcns from the lowest band J) (K 23’4fil) 
and from K 22*1)72, 1)73, of the railway cutting, in which the spcci<‘s 
is extraordinarily abundant, and the sjiecimens arc often well pre- 
served. 

With regard to the characters of the species we may observe*, 
that the apical angle varies somewhat, some shells being broader 
and having a lower s])ire than others, but otherwise agreeing in 
every detail. The ornamentation is constant, except as regards 
the one revolving lira on the body-w^horl, which may be absent and 
is always weak. 

Diener ^ has described but not figured an unnam(*d species 
of Pleurotomaria from the Carboniferous beds of Lipak which seems 
to agree closely with the Umaria form. The figures and descrip- 
tion of Pleurotomaria delawarcnsis Girty from the Guadelupian 
fauna of the United States may be compared with our species, and 
there seems to be also a coiioiderable resemblance to PI, kirillowensis 

^ IJieimr, Pul. Imitai, N. 8., Vol. V, Mem. 2, 1111.5, j). 119. 

* Uirty, Prof. Paper 58, U. i>. Ueol. i^urv.. 1908 p. 47.5, pi. !XX111, figs. 28-50. 
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Licharew ^ from the Permian of Russia. But perhaps PL arkansana 
Girty ^ from the Batesvillc Sandstone is more closely allied. 

The precise subgenoric reference of our species is uncertain, but 
it may belong to Pttjchomphalina. 


Jonemia ? sp. 

PI. 31, tig. 14. 

The entomostracan genus Jonesina is ])robably r(*presented by 
a small suboval gently convex body rather wider at one end than 
the other, and of a sliglitly bean-shaped outline owing to a weak 
concavity near tlu; middle of ttie upper margin which is rather 
shorter than the gently arched lower margin. The surface bears 
a small oval very faintly elevated subcentral sw'clling situated behind 
the middle and suiTouiuled by a line impressed line. In front of 
and in contact with this swelling and likewise very faintly circums- 
cribed is a smaller less distinct subcircular emineneo scarcely raised 
above the general surface. 


Cifthnrila i sp. 

PI. 31, tig. lb. 

The caraj)ac(‘. of anotJier small (hslraeod is seen in a marginal 
view' of tin*- two conjoint valves showing a simple jiinclion. Tlui 
shell is ovate in sha|)0 and the valves seem to be (»qually convex 
and smootli. ih'obably this is referable to the genus CijlhmiJa, and 
it seems to resemble in the intlation of the valves the species ‘ ihjtherc ’ 
infiida McCoy. ^ 


Palavocypris ? sp. 

PI. 31, fig. 15. 

A third type of ostracod is representi'd by one somewhat crushed 
valve. It is suboval in shape, rather blunter and broader at one 
end than the other, and its strongly (lonvex surface is covered with 
rather widely separated small sliarf) granules of two or three sizes. 
Probably this is referable to the genus Palaeocypris. 

* LichaiL'VV, Mem. (iom. OV:ol. N.S. l>nr. SH, lOL*), p]». 12, S7, t. V, fiys. 4. 

'•({irty. Bull. .*>93, V. S. (Jiol. tSure.j 1915, p. 113, pi. \J, 8. 

S//H. Crttb. IrcUinJ, 1844, p. lUV, pi. XXIII, iig. 17. 
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Dermal tubercles of a fish. 

PI. 36, figs. 14-18a. 

There are several specimens of a curious little pc^inted capuliform 
solid object (K 23-262) (K 23 264) (K 22-973) having a high rounded 
obliquely conical shape with a more or less sharply pointed straight 
or slightly curved apex directed backwards ; the posterior slope 
below the apex is somewhat hollowed; the base of the tubercle 
is somewhat expanded and flattened, with a circular to suboval 
outline, but is thin and without any root. The cone appears to be 
solid, but the base of it is slightly excavated underneath. The surface 
of the cone is covered with small low closely-placcd rounded granules. 
The largest specimen measures about 8 mm. in height and 
has the same diameter at the base. VV(i may probably interpret 
this fossil as the dermal tubercle of some selachian and of the same 
nature as Pclrodus, Sir A. Smith Wv)edward thinks it is a new genus. 


AFFINITIES OF THE FAUNA AND CORRELATION OF THE BEDS. 

The fauna of these Umaria beds has a striking individuality 
of its own, and it comprises only a few genera. The majority of the 
fossils are brachiopods, belonging to the gen(*ra Producius, Sjnrifer 
and Reticularia, the first named genus largely predominating. The 
species are found to he in all cases new when the material is 
sutticiently wt^ll pre.served for their specific identification, and their 
affinities are not particularly close with any previously described 
foiwus, thougli their nearest relations are partly found amongst Hima- 
layan and Kussian specie's of Permo-Carboniferous and Pennian age 
and partly amongst Carboniferous species. Thus Prodmtus uniariensis 
and its variety spinifera recall forms referred to Pr, cora and Pr. 
cancriniformisj while Pr. rewalicnsis seems allied to Pr. Tschernyschewi 
of the Russian Permian. Spirifer narsarhensis on the other hand 
is more like Sp. grandicostatus, Sp. Middlemissi and Sp. Leidyi, all 
occurring in the Carboniferous of other regions, while Reticularia 
barakarensis seems to have its nearest relative in R. setigera of the 
Lower Carboniferous of America. But the species of Athyris and 
the lamellibranch referred to Janeia are more allied to Permian 
species. The other fossils are hardly well enough known for any 
stratigraphical conclusions to be drawn from them. 
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The diatributioii of the species on the several horizons recognised 
by Mr. Gee does not suggest any im()orbant dilference in the age 
ol these bands, and most of the species seem common to them all. 

Por the association of marine fossiliferous beds with typical 
Gondwana plant- bearing series we have to go to Kashmir and Australia. 
In the case of Kashmii* the Zewan (rermo-Carboniferous) Beds 
which contain a i^roductus Limestone fauna rest on the Ganga- 
mopteris Beds of the Lower Gondwana wliich in their turn repose 
on the Panjal Volcanics and Agglonioratic Slate of possible Talchir 
age. Below these volcanic beds are marine Carboniferous beds, 
the upx)ermost of which is known as the Fenestella series and is 
doubtfully referred to the Middle Carboniferous by Middlemiss.^ 
The Syringothyj-is Limestone series whicli lies below is sex>arated 
from the Fejiestella series by some passage beds, and is definitely 
ascribed to the Carboniferous. But neither the fauna of the Fenes- 
bella nor of the Syringothyris oeds, and even loss that of the Zewan 
beds, shows any close general resembLuice to that under consideration, 
though certain of tiic species are allied. In the Umaria locality tlie 
marine beds rest with a slight u uc onion nity on the Talchir beds 
and pass up without a break into th<i Barakar stage ol sandstones 
ii.nd coals which is at the base of th(j Damuda series. \V adia ^ 
places the Baiakar stage in the Middle Permian, but Cotter ^ 
refers it to the Lower Permian. We might therefore expect a 
priori that the marine band at its base would perliaps correspond 
with the Karharbari which Wadia terms Permo-Oarboniferous. Cotter 
correlates the beds of the Australian marine series which have 
plant-bearing dexjosits of Lower Gondwana type between and above 
them with the Karharbari scries. It may be suspected that this 
marine bed at Umaria is of rather dilh reiit date, but it cannot 
bvi considered to correspond with the Lipak or Po series of Spiti,’* 
or the Fenestella series of Kashmir of which the faunas have 
been described by Diener.^ 

The im^iortance of the discovery of a marine fossiliferous dej)osit 
below part of the Lower Goudwanas of Central India is obvious 


1 JViiddlemiss, liec, 0&)l. Surv. 1ml. V^ol. XL, pt. 3, 1910, pp. 210, 2:22-232. 

® Wadia, '■* (leology of India,” 2ud edit., London, 1U2(), p. 110. 

3 CoLtor, licC: OeoL <S'Mrv. lud., XLVlll, 1917, pp. 23*33. 

* Hayden, Gooli)gy ot Sinti, Mem. Ueol. Stirv. ind., Vol. XXXVl, pt. 1, 190*1, 

pp. 37-50 ; VVadia, oj). at., pp. 99, 100. 

•» Dinner, Hiiual. Vol. L pt. 2, 1399, Pal. Irtdica, Ser. XV ; it/id,, vol. 1. 

pt. 6, 1903 ; ibiik, N. Vol. V, Mom. 2, 1915. 
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from a pala30gcograplucal point of view. For it has been generally 
believed that the Poiiinsula was a land-area from at any rate the 
close of the Piiraua (Pre-Cambrian) era until late iu Aryan (Pala;o- 
Mesozoic) times and that it was never invaded, much less wholly 
submerged, by the sea till the Jurassic or Cretaceous period and even 
then it was only along the margins that marine incursions took 
place. In the light of th ‘ marine fossils at Umaiia we can no 
longer maintain this opinion in its entirety, though to what extent 
the sea penetrated into the land caimot at present bo determined. 
A partial submergence is, however, proved to have occurred, and 
the transgression which only lust 'd a short lime was probably 
eith(T from the north through Rajputana or from the west coast. 

The (jvidence of the fossils inclines us to conclude that this 
marine invasion took place in Permo-Carboniferous times, as there 
is a noticeable admixture of types possessing allinities with both 
Carboniferous and Permian species. A study cf the (.Carboniferous 
Permo-Carboniferous and Permian marine faunas in the Calcutta 
Museum confirms the author’s conclusion that this IJiuaria fauna is 
distinct and unique. 


EXPLANATION OF PLATES. 

PLATE 31. 

Pic. 1. — Productus umariensus np. nov. Podiclo- valve of nearly complete Bixjci- 
men. X JL (K 2L42G). 

Pio. la. — Productus mmrientiis sp. no v. Brachial valve of same six^oiinen. x 1^. 

Pio. lb. — Ditte. Cardinal view uf same siXK!! men. x IL 

Fia. 2. — Ditto. Posterior part of itedide -valve of 

another nearly complete sptxdmen. 1^. (K 21'424y 

Fio. 2a. — Productus nnuirknsia sp. nov. Cardinal view of same specimen show- 
ing eaidinal thickening and spines. X IJ. 

Producitus unutrUmsis sp. em>v. Brachial valve of same specimen, 
showing bifurcation of rihlets. X IJ. 

Pia. 3 . — Productus Vinarkusis sp. nov. Pedicle -valve of a siwjll devoid of spines 
on ri blots, some of which are thiekoiiod. X IjJ. (K 21*434). 

Fia. 4.— Productus uviarieusis sp. nov. Cardinal view of another example without 
thickened riblets. showing cardinal spinoa X IJ. (K 21*424). 

Fig. 4a. — Productus uiuorie.nsis sp. nov. Ventral view of same sjwcimon. X IJ. 

Fia. 5. — Ditto Median portion of surface of pediolo- 

valvo, showing increase of riblets by divisitm of thicker riblet below 
spine-base. X 6 . (K 21'424.) 

Fro. U. — Producius umuriensis sp. nov. Lateral portion of another shelf, showing 
incix)ase of n blots by intercalation and without s^uno-baBes. X 2. 
(K 21-426.) 
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PLATE 32. 

Fig. 1. — Productus rewahensis sp. nov. PedicJo-valvo, partly buried in t^^atrlx, 
X IJ. (K 21-424.) 

Fig. la. — Productus rctvaheneis Bp. uov. Postorior view of canao specimen, x Ij. 
Fia. 2. — Productus rewahensia var. coroidea, PedicJe-valVe of coxnploto sbelJ. 
Nat. size. (K 21*424). 

Fig. 2a. — Productus rewahensia var. cor aides. Brachial vahvo of salno specimen. 
Nat. size. 

Fio. 3. — Productus rewahensia var. coroides. Another specimen, pedicle-valve. 
X li. (K 21-424,) 

h'la. 3a. — Productus rewahensia var. coroides. Portion of surface of same speci- 
men. X 4. 

Fig. i.-^Productua umarienais sp. noV. Interior of pedicle- vbIto. X II. 
(K 21-426.) 

Fig. 5. — Productus umariensis sp. nov. Posterior part of pedicle-valvC of another 
HiKJcirnen. X IL (K 21-424.) 

Fig. 6. — Productus mnariensia sp. nov. Brachial valve of complete shell, x IJ- 
(K 21-424.) 

Krc. 7. — Productus lonaricnsis sp. nov. PedicJo-valvo of another speeimcri, X 1^. 
(K 21-424.) 

Fig. 8. — Productus uimrlensis sp. nov. Brachial valve of a complete shell, X I J. 
(K 21-424.) 


PLATE 33. 

Fig. \.~Prod/uclv3 umarienais \ar. spinijera. Pedicle-valvo nearly complete, 
showing spines on surface. X U. (K 21-424.) 

Fio. la. — Productus U)nariensis var. apinifera. Part of centre of suiface of same 
shell. X 4. 

Fig. lb. — Productus umarienais var, spiuifera. Part of surface of same shell near 
lateral margin. X 4. 

Fjg. 2. — Productus umariensis var. apinifera. Imperfect pedicle- valve with fewer 
spines, x IJ. (K 21-424.) 

h^iG. 3. — Productus umariensis var. spinifera. I'ostorior part of another pcdiclc- 
valvo. X IL (N 21-424.) 

Fio. 4. — Productus umariensis var. spirt if era. Posierior jait of pedicle- valve cl 
another specimen, showing < aidinal spines. X IJ. (K 21-424.) 

Kio. 5. — Productus umariensis var. spiuipra. J^o.sterior fait ol j odie]c-val\e of 
another sfiecinien, showing eaidinal hjiines. y 2 . (K 21-424.) 

Fig. 6a. — Pnxluctus umariensis var. apinifera, Cardinal view of same specimen. 
X 2. 

Fig. 6. — Productus umariensis var. spinifera. Fiaj.n>ent of intmioi ol fed.ele- 
valvo, showing vascjular markings outside diduetoj’ seais. x IJ. 
(K 21-424.) 

Fig. 7, — Spirifer naraarhenais sp. nov. Complete specimen, duisal view. X 2. 
(K 21-426.) 

Fig. 7a. — Sjdrifer naraarhenais sp. nov, Vcntial view of soi)fie specimen. X 2. 

Fig. 7b. — Ditto, Anterior marginal view of samo speci- 

o 2 


men. X 2. 
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I’nj. 8. — Spirijer rmrsarhensis var. lmiX3ifofi pocliclc-valvo. X 2. (K 21*424.) 
Fxu. y. — var. Jmporfoct biutjhiaJ valvo, X 2. (K 21*125.) 

10. — Ditto. var. Liipoiiuct valve. X 2. (K 21*425.) 

11. — Spiriftr aarsarhensis var. ‘paacipliajiUi, Jmporfuct biaciiial valve. X 2. 

(K 21*421.) 

Fuj. 12. - -OrlJudichia v ap. Jinporfoct poflivlo-valvo. X 1}. (K 21*124.) 

Fxa. \2'ii,,- -OrUiolickia 'i ap. Cardinal view of aatiu; apocimon, allowing dontaJ 
plates. X IJ. 


rDA4’F 34. 

Fi(4. 1 . — Hcticularia barakarensis B\i, wow. J Vdiele- valve with worn an rfare. X 

(1C 21*424.) 

Fia. la . — liiliGukiria bamkarensis ap. uov. Furtion of surface of same .spocinn-.n 
with spiniilea abraded, x 7. 

Idii. 2 . — lielicularia bamkaren^is ap. uov. iiaporfcct brachial valve. X lA. 
(K 21*125.) 

Fig. 2a . — Rdicularia batakarcnsis ap. nov. Foition of auHacc of eaine ajjocinnai 
showing wi5ll-i)r‘o.sc.rved ornanionlation. X 0. 

Fiu, 3. —lielicularia barakarcusis ap, uov. Podiclo- valve of a young individual 
X 2. (K 21425.) 

Fig. ^.^lielicularia barakareusls sp. nov. Portion of shell with well-i)rosevvod 
liiubriated JAmclhe. X 0. (K. 21*424.) 

Figs. 5, 5a . — lielicularia barakarcu'iis aj). nov. JinproHaions of diirounit ])aila of 
surface of one shell, showing variation in ap[Xjarance of orJiaineiitati«*ii. 
X 0. (K 21*424.) 

Fio. 0 . — lielicularia barakarcusis aj). nov. Poitiou of surface of another sh(41 
showing w^oll'preaerved Uiubriate<l lainelhe. X (i. (K 21*425.) 

Fig. 7 . — -lielicularia bunikarcusis ap. nov. V Impression of part of aurfiice of 
another shell with indistinct couooiitric arrangement of spin u lea. X 0. 
(K 21*425.) 

Fig. 8. — lielicularia barakareusis sp. nov. Podiclo -valve, showing dental plates. 
X n. (K 21*424.) 

Fig. lielicularia harakareusia sp. nov. Posterior view of same siwiuien. 

X li. 

Fig. D. — Relicularia barakareusis sj). nov. Brachial valve (uncrusliod). x 2 
(K 21*425.) 

Fio, 10 . — lielicularia barakareusis sp. nov. ? Internal cast of young pocUclo- 
valve. X 2. (K 21*424.) 

Fig. 11. -Alhfris a If. pr of ca Abie h. Ini ix)rfeci pedicle -valve, x 2. (K 21*425.) 
Fig. 12 . — PleuroUnmria uirutrieiisia sp. nov. x 2.^. (K 23*264.) 

Fig. 13 . — Fleur olouiaria xiuiariensie sp. nov. fcJhort turbinate variety, x 6. 
(K 21*426.) 

Fig, 14 . — Jonesina ? sp. X 8. (K 21*426.) 

Fio. 16 . — Palaeocypris ? sp. X 8. (K 21*426.) 

Fio. 16. — Cyiherella ? sp. X 6. (K 21*425.) 

Fiq. 17. — Rhombopora sp. X 6. (K 21*426.) 
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PLATE 35. 


Eia. 1. — Prcdycivs Bp. nov. 

Ejg. la. — 

Fig. 2. — Ditto. 

Dio. 3. — lotto. 

X IJ. (K 23-203.) 

I" 10. 4 . — Prod f Kins bj\ nov. 

Fio. 5. — Ditto. 

Dio. 0. — Ditt(\ 


Petlule- valve. X IJ. (K 23-203.) 

PoKterior view of naiiie apociinciu X IL 
Pedicle-valve. X U. (K 23-203.) 

PoHlerioi viev of anotlicr j cdiclc-valvf , 

Pcdiclc.-valvo. X 1^ ( K 23-204.) 

Pedicle-valve. X l.J. (K 23-203.) 

Interior of brachial valve. X 1^. 


(K 23-204.) 

Dio. 7. Produvlus revahevsis, hj). nov. Tnlenial ea.st of podiclc-volvc. X l.J . 
(K 2;{-2(M.) 

Dio. 8. — IWodvcins nnahensis var. coroidcs. Pedicle-vnlxe. X IJ. (K 2.3-201.) 
Dio. 8ii. Ditto. Dif^e view of .‘-nine ,S£ cciriK 11 . X DJ 

Dk;. t). — ProdiivlHS 'irtnttrifusis ve.r. sjrnif(ra. I'cdic Ie-\jd\(‘. x H. (K 23-2( 2.) 
Dio. 10.' Indct. biachioj.od uncntaiii). X 0, (K 2,3-201.) 

Dio. ll.— 'Pkuroiomaria vviarirnsis n\). nov. X 3. (K 23-2C4.) 

Ki(.. 12._ Ditto dillo. X 3. (K 23-2C4.) 

Fro. 13.— Ditto d^llo, X 2J. (K 23-264.) 

Dio. 14.-- Dcinial tubercle of ObIi. ^ide view. X 2. (K 23-202.) 

Dio 14a.— Ditto. Poitu'ii of Biiiface. X 0. 

Dio. 15. — Ditto. Dide view of finollrr sjccinirn. X 2. 

(K 23-204.) 

Dio. 10.— Doinial tuleieh^ ol ObIi, Dide view of nLullcr sircin cn. X 2. 
(K 23-2(;2.) 

D'lO. 10a.— Doiinal lid ciclc of liph. Tip view of Ban c Biorurfn. X 2. 

Fio. 10b. — Ditto. Diont view t»f san e Bjic nin. X 2. 

Dio. 17. — Ditto, Dir’o view of another Biteinen. X 2. 

(K 23-202.) 

Dio. 17a. — Dennal tubercle of fish. Dienl virv of same s|ec;men. X 2. 

D'io. 18.- - Ditto. Side view of anotl.er Bpeeinirn. X 2. 

(K 23-262.) 

D'lo. 18a. — D(Tnial tuborele of fi.sh. DVont view of ."amo .specimen. X 2, 


PLAl'E 36. 


Dm. 1.-- 

t^pirifer 7}arsarhensi «?, 

, sp. 

nov. Pi’diele- valve. 

X 1|. 

(K 2.3-262.) 

Dm. la.- 

Ditto. 


Intel ior of same sjiecinicn. X 11. 

Dig. 2.— 

Ditto 


PedicIe-valvc. 

X IJ. 

(K 2:{-2«2,) 

Dm. 3.— 

Ditto. 


P(‘diele-valv^e. 

X 11. 

(K 2.S-262.) 

D"m. 4.— 

Ditto. 


Perlielo-valve. 

X y. 

(K 23-262.) 

Fm. 6. — 

Ditto. 

var. 

Prachial valve. 

X IJ. 

(K 2.3-202.) 

Dig. 6.— 

Ditto, 

var. 

pavcipHcala, 15 meb i al 

valvo. X 


(K 2.3-262.) 

Fig. 7.— Sfirijer narsarhnisis, var. j>ancij)licaUt, Pedicle-valve. X 2. (K 23-262. 
Dm. ^.—JMicnlmia Inirtti oven sis, ap. nov. Pediele-valvo- X IJ. (K 23-2()2,) 
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8a. — Rdicularia Ixiarkarciisis, 8p. nov. Braohial valvo of sarno spocimen. 

X IJ. 

Fig. 9 . — lleticuluria barakarensis, sp. nov. Another brachial valvo. X IJ. 
(K 23-262.) 

Fio. 10 . — Reticularia harakarensis, 8p. nov. Brachial valvo with shell proservod. 
X IJ. (K 23-262.) 

11 . — Reticularia harakarensis, sp. nov. Podiclo-valvo of young individual 
X li. (K 23-262.) 

Fig. 12 . — Reticularia harakarensis var. snhplicata. Podiclo-valvo. X J. 

(K 23-262.) 

Fio. 13 . — Reticvlaria harakarensis var. snbpUcata. Podiclo-valvo. X IJ. 

(K 23-262.) 

Fio. 14 . — Janeia all. hiarmicu (Do Vorn.). flight valvo. X 5. (K 23-264.) 
Fig. in. — Crinuid atom. 2J. (K 23-262.) 

Fio. 16a. — Ditto. articulating face of sanio spocinicn. r 21. 
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The Geology of the Umaria Coalfield, Rewah State, 
Centrai, India. By E. R. Gee, B.A. (Cantab.), 
Assistant Suptfrintendent, Geological Survey of India. 
(With Plates 37 to 39.) 

introduction. 

T he completeness, so far as the coal-deposits were concerned, of 
the geological survey of the Umaria coalfield carried out by 
Mr. T. \\\ IL Hughes of the Geological Survey of India, in the 
early eighties,^ rendered dormant the specialised attention of Indian 
geologists to this area, until in the year 1921, considerable scientific 
inbu'est was aroused by tlio discovery by Mr. K. P. Sinor, Rewah 
State Gecdogist, of a marine fossil bed in these Lower Gondwana 
sediments.^ 

Following a visit by Dr. (j. S. Fox to this coalfield, I was deputed 
during the month of Juno 1926 to n)ake a geological resurvey of 
the area, to examine in detail the Lower Gondwana strata in which 
these marine fossils occur, and to add to the collection if possibh*. 
The additional forms which wert^ collected have been described by 
Dr. Cowper Reed In an adjoining paper. 

The attached geological maj) (Plate 39), represents the results 
of this resurvey. Comparing it with the one in Mr. Hughes’ memoir, 
the main difi’crence is seen to b<5 in the distribution of the Supra- 
Barakar rocks in the western part of the area. Considering, however, 
the importance of the recent pateontoJogical discovery, and bearing 
in mind the similarities and differences which the Gondwanae 
of this area exhibit when compared with their equivalents in 
Bengal and elsewhere, it seems worth while to record the Gond- 
wana succession of this coalfield in greater detail than has pre- 
viously been done. 

The Umaria coalfield itself forms a relatively level cultivated 
tract, about 1,460 feet above sea-level. It opens out to the east 
and north-east, but is bounded on the west 
Physical geography south by thickly forested ridges which 

0 t c area, attain an altitude of about 1,800 feet. The 

I Mtm. Geol Surv. Ind., Vol. XXI, 1925. 

*/ecc., GeoL Snrv, Jnd,, Vol. LIV, 1922, p. U, BuU> Bo, 2, Geological Dept,, Bevah 
iSlate, ‘ Ho wall Stale Coalfields (1923), pp, 1-22. 
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Xatni-Bilfispur branch of tho Bcn^al-Nagpur railway traverses the 
area in a general nurtli-west to soutJi-east direction, Umaria itself 
being 36 miles distant from Katni station. Tho strata of the 
southorfi part of tiie coaHiold are to a groat extent hidden by alhi- 
vium, but to tho nortli-west of Umaria tho more porous sandy 
(jondwamis crop out. Tlio main line of drainage — the Umrar 
river - men nde.rs across tlic cojihield in a general northerly direc- 
tion, while a number of small tributaries traverse it in a north- 
easterly direction from the uplands to th(i west and south. 

Tho geologica.1 formations met with in tho 
Cleiieral i;colo«jy and ,, . i/- i i • i j 

ji'coloiiiiiiil slmcltii c. tlmaria coaliield iiichuhi ! ■ 

Alluvium. 

Tnip. 

f Su])ra-Barakars. 

Gondwanas. ^ Harakars. 

iTalchirs. 

Metamorphics. 

There is, as is to be expect od, a very close relatimisldp bolween 
the main physical and thci g(n>Jogical features of tlie area. The 
woodcid uplands to the south of tlie coalfield represent tlie ancient 
metamor])hic land-surface against which the Gondwanas were de- 
posited. To the north-west the crystalline rocks again constitute 
the boTindary of tho field, but hero the junction is a faulted one. 
The general dip of the strata being in a northerly direction, newer 
beds are met witli as we traverse the coalfield from south to north. 
This simple structure has, however, been complicatefl as a result of 
folding whicli has thrown the hods into a sharp syneline ' close to 
the Narsarlia fault and a more gentle anticline further south- 
east towards Umaria. liviclenco wdll be given later that this faulting 
along the north-western edge of the field, accompanied by an 
inclination of the strata near t.lie fault, commenced previous to the 
deposition of the Barakar strata, and continued more actively during 
the pcriofl of formation of the Supra-Barakars ; with the result 
that those Supra-Barakar rocks, in tho vicinity of the fault, overlap 
on to the lower Barakar horizons and fijially on to tho Talchirs 
also. This overlap increases in the up])er Supra-Barakar rocks, so 
that, ns tho vorticjJ disj)laceincnts contimied, these strata also wore 
in pla(‘es brought iatej faulted juxtaposition with tho motamorj*hics. 
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DETAILS OP THE VARIOUS FORMATIONS. 

The following is a description of these various formations in detail. 

I. -THE METAMORPHICS. 

The Metamorphics include a variety of types considerably foliated 
and penetrated by numerous qnariz and pegmatite veins. S])(‘ci- 
mens, typical of the area, were commented on by Dr. Heron 
as being closely comparable to the gneisses of the Ixaj- 
piitana area. To th(3 south of the coalfield these rocks include 
pink and grey f<ilspathi(! gneisses and hornblcndic types, asso- 
ciated around Karimati with bands rich in msgiietite iron-ore. 
The foliation dips usually at a steep angle to the south and south- 
south-west. The continuous outcrop of these metamorphics ])asses 
along the edge of the jungle to the south of Koilari, but, in the 
village itsidf, an outcroj) of white quartzite again occurs. It seems 
probable, therefore, that the gneisses would be met with at no great 
depth iirimcdiately below the alluvium in the intervening area to 
the south of Koilari village. 

Immediately north-west of the Narsarha fault finely foliated 
micaceous schists and white quartzites predominate. Coarser tex- 
tured felspathic gneisses come in further west, and include large 
pegmatite veins, in some cascjr rich in soda' felspar, in others, rich 
in mica. The quartzites mcit with close to the fault. esf)ecially to 
the north-east of the railway, are usually much broc( iated. The 
gneisses and schists dij) almost veiticMally and strike in a north-east to 
south-west direction parallel to this faulted boundary of the coalfield. 

IL— THE QONDWANAS. 

The Talchirs, — Tlie most complete section of th(3 Talchir rocks is 

Talclilr sections along north-easterly-flow ing tributary of 

the south side of the , i j . • 

Coalfield. Umrar nver to the soutli of Bikatganj. 

The geological succession is as follows 

(Yrllow-hrown fino textured soft fiaiidstonoa. -BoRal Borokars.) 

Red and groon stratified clays. 

Conglomerate, of fairly well rounded boulders of gneiss and qunrtyjte set 
in a dull -green clayey matrix. 

Yellow and liglit green bedded clays and fino argillaceous sandstones includ- 
ing bands with a fow rounded pebbles. The clays include at iiiteirnls 
narrow bands of calcareous light gmeii mudstone up to fi imihes in 
thioknesp. The dip is to the north -north -oast at about 12^. 
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Soft groeniah folapathic grit with quartzite pebbles. 

Green clays including boulders of gneiss and quartzite. 

(Pink folspatliic giioiasos, dipping south at 60°). 

In the main Umrar river all exposures of the Tnlchirs are 
hidden by alluvium until we approach the gnoissic boundary to the 
south of Mahroi. At this point, within a short distance of the 
Metamorphics, yellow green Talchir conglomerates are seen to crop 
out in the river-bank. 

In the tributary east of Chandwar the junction of the Talchirs 
with the gneisses is again fairly well defined. A greenish con- 
glomerattj crops out, so 2 )aratod from the Metamorphics by a narrow 
band of alluvium. With this boulder-bed yellow green argillaceous 
.sandstones and clays are associated, but a short distance further 
north an east-to-west running fault appears to bring in more arenace- 
ous types, together with a yellow-grey fine calcareous sandstone 
weathering in aii irregular tufaceous manner. To the north and 
west of Chandwar village, however, the Gondwana strata are again 
obscured by dull green clayey alluvium so that the geological bound- 
aries are very indefinite in this vicinity. No Talchir outcrops are 
seen until wo reach the Narsarha nah to the cast and soutli of 
Paunian. In the acute southern loop of this main stream, half a 
mile east-south-east of l*aiinian, yellow-green argillaceous sandstones 
and clays, including boulders of gneiss and quartzite, dip at about 
20'‘ to the north-north-east. These exposures are separated by a short 
stretch of sandy alluvium from the Supra-Barakar rocks observed 
in the same stream-course, a short distance to the north. The section is 
again obscured in places by alluvium, but, further west, red and 
green conglomeratic clays, considerably indurated, crop out against 
the main north-west fault in the tributary west of Paunian. The 
typical splintery clays of the Talchirs are not seen, though the 
strata noted closely resemble some of the beds met with in the 
section south of Bikatganj. 

The next Talchir section to be described is that of the railway 
cutting of the Bengal-Nagpur line (See Plate No. 37). Here the 
Talchirs crop out over a distance measured 
The Talchirs o! the horizontally, of about 62 yards. They are in- 
^^arsar a ra way cu - ^ fairly steep angle to the south-east, 

but close to the metamorphics the splintery 
nature of the clays renders the dip unobservable. Dull red and 
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green splintery clays, including occasional large boulders of gneias 
and quartzite, probably of local origin, comprise the greater part 
of the Talcliir group in this section. In the upper part of the sec- 
tion, about 45 yards from the metamorphics, these splintery clays give 
place to yellow sandy varieties showing definite stratification, and 
flipping south-east at 36” — 38”. Resting on these beds with slight 
unconformity, are the gritty red clays with argillaceous limestone 
bands, which include the marine fossils, brachiopods and small gas- 
trof)ods. These latter l)ed8 comprise the base of the Barakars. 

The Talchir-Metamorphio faulted boundary is almost vertical. 
Grey micaceous foliattid scliiste are brought into contact with the 
Talchir clays and, though the boundary in this 
The rocks adjoitiliig j'ection shows no evidence of marked shatb^r- 
ihe north- western j^g, this is perhaps explicable by the fact that 
oun ary au . of the fault are of a 

comparatively soft clastic nature ; furthermore, the stratification of 
the Talchirs near the fault, owing to the fragmentary nature of the 
clays, is not observable. At other points along tJie line of the 
siipi)osod fault, however, conclusive evidence, in the nature of 
intense crushing and ailicificatioiu can bo seen. (Continuing north- 
cast, in the neighbourhood of this Metamorphic boundary, no ex- 
posures of the adjacent Qondwaims are observed until tlie first 
tributary crossing the fault in an cast-south-easterly direction is 
reached ; here, indurated Talchir congh)morates crop out. A better 
section is, however, scon further east in the tributary just west of the 
‘■C" of Chhatan. Hero the rocks at the immediate boundary comprise 
much brecciatod and silicified Talchir conglomerate, showing marked 
evidence of a faulted contact. These bods arc well-exposed, dip- 
ping steeply to the south-east, adjoining iJie Midamorphics. A few 
yards downstream, the unaltered grecii Talchir clays, including 
boulders of gntiiss and quartzite, crop out. Separated from these 
rock-exposures by a short stretch of alluvium, yellow-green clays 
and soft sandstones occur. These may bo either of Talchir or of 
Lower Barakar type. In the tributary about half a mile south-east 
of the railway cutting silicified Talchir sandstones and conglome- 
rates are exposed. 

North of the village of Chhatan, alluvium again hides the older 
strata, but when we approach the Umrar river the Supra-Barakar 
beds, dipping steeply to the south-east, are brought against the 
crystallines. Further north, where the fault crosses the river, 



-104 


Records of the Geological Survey of India, [ Vol. LX. 


(]o/inito Taleliir coriglomeratos, silicified and considerably brecciat^id 
strongly indicative of a faulted junction, crop out against the 
gneisses. In the acute bend to the west of Bann^ri, altliough tlio 
actual junction is hidden by alluvium, yellow and green pebbly 
clays and sandsUjnes come in about 30 feet to the east of the gneisses, 
dipping south-(!ast at 10'*. These sediments give place to grey 
massive sandstones in the tributary to the east. 

The Baral'ars — Vmm an economic stand])oint the most important 
are,a of Barakar rocks is to the north of tluj railway in the vicinity 
of Umaria. In this locality several coal-sesmis 
The coal-bearing have been locat(id in th(^ middle and upper parts 
Bara ar rocks. ^ series ; tliese are boi.ng worked by tJu^ 

Kewah Stale colliericis. Soutli of the railway, howovi^r, the lower 
Barakar strata crop out above the Talchir sediments of the tributary 
south of Ibkatga-nj. 

These rocks inedude a basal yellow-brown, fine textured, soft 
sandstone, resting, apparently conformably, on the ujiperrnost 
Talchir shales and conglomerates. As we ap- 

The lower Barakars j^roach the junction of the two main tribu- 
ncar Bikatsnnj. \ ^ ^ • n 

taries massive grey sandstones, more typically 

Barakar in character, come in, with coarse grits and a thin pi^bble- 
bed in the upper part. Above these strata massive grey felspathic 
sandstones again crop out. Close to the junction with the Umrar 
river these sandstones include a 14-15 inch coal seam, witJi shales 
and fireclays above and below. The middle and upper beds of the 
Barakar series have been carefully dosc.ribed by Hughes {op. cif). 
They include mainly the typical massive grey sandwstones with 
intercalated coal-seams and fireclays, but roddisli and yelloiv sand- 
stones are also included in this series. Theses beds crop out in the 
Umrar river to the north of Umaria village, but to the west of 
Lalpur and for some distance to the north no exposures are seen 
on account of alluvium. The. upper strata of the series arc well 
observed in the tributary flowing north* to Oatsganj. 

From a purely geological point of view, by far the most 
interesting outcrop of the Barakars is seen in the Narsarha cutting 
of tlie railway, two miles north-east of Umaria 
The Barakars of the railway station. It is hero tliat the marine 
^^arsar a ra way cut j^Qpj^on is exposed {See Plate 38). The 

secjtion of these Barakar sediments is a com- 
jiaratively narrow one, attaining only about 320 feet measured 
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alon^ tlio railway lino, for tho strata aro rapidly overla])]M3d by 
tho Hupra-Baralvur ))ohblo-l)oda iu tho soutliorn part of tlio cuttin<^. 
Tiio lowest IhmLs, resting upon the uppermost yellow-brown sandy 
cdays of the Tah-hirs, e()iuj)rise argillaceous rocks of somewhat 
similar litljology to the Talcliirs Ixdow ; tliese strata, howev<‘<r, pass 
up quite gradually into sandy clays and sandstones of JJarakar 
facies, whilst a slight, but defiuito unconformity appears to separate 
them from tho Taleliir rocks below. 

Theie appears to be considerable lateral variation in detail in 
these marijio fossil beds. Tho )>cst section is observed in tlie western 
slopci of the cutting, and it is this section 
fos^iVliorizoii*** tnarliie whicJi will be described. The lateral variation 
is excmplilied iu the two d<5tailed sections 
tabulated below : 


Measured sections of the marine fossil beds as exposed in the wester u 
slope of the Narsarha (Jutting, 


(About 1.5 feet above Mic 
railway lino.) 

Sufi yv lIi)VV'g(e>' s.indslono.i 
wilii bauds of yollow-gjooji 
<.la> t*. 

(A) S iiuibo!?. Soft y<'JI()W riniidstiinc;:, 
A'.'idi .small rotiudrd jn'IiMos 
and imliidiiiL' a niuiibor 
of l.'ir‘:o braoliioj>od.'3 (/■’/o- 
tlie lud), 

12 moliOB. Dull loddisli and j'loy- 
•'icrn (‘lay.s'. 

(li) J] iiielioH. N’ollow-browu f;of( .'^aiuK 
band willi nuiiiorouH Jai^^o 
and yrriall luacljjofjod.s (t'/n 
ducAun and tSpin/ar). 

S inches. Dull red and prooni«h 
clays. 

((J) 4-5 inghos. Hard calc.areou.s bIjcII- 
bt'd including similar braclii 
opods. 

0-10 inches, lied and green gritty 
clays including bracluojjods 
at the base. 


(About 27 loot above tli<> 
railway line.) 

Soft \rIloW‘gn‘y s,ijKlsfr)rj(>s 
wil b b.'iJid.s of > i |]i>w-gi(‘cn 
elays. 

(A) S Ill' ll s. S.irnlv vcllovv-biown J.i V ( i 

Willi «|nai l/il(‘ pebb/* n 

and laii'o braeliiopotts {/*to- 
Uucluit). 

J2iuclie.s. Dull red »ind drab grey 
elays. 

(H)i inch, 'riiin .sandy band with 
few braelnopods. 


9 inolics. lied and green clays. 


(C) 2 indio". H.ard calcareous bracdiio- 
j)od shell- band. 


2 inches. Dull red and grey-gicen 
clays. 


4 inches. Red and grey gritty clays. 
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Mmsared sections of the marine fossil beds as exposed in the western 


slope of the Narsarha 

(About 15 feet abo\t) tho 
railway lino.) 

5 iiiohos. ffard calcarooii^ 

gritty band wit h brachiopoda 
at tlic baac. 

5 inohea. (jlritty clays. 

1 inoli. (Jalcarooiis grit band. 

(!») 12 inchcH. lJull rod and green gritty 
clayw. including })ra{‘hiopod.s 
and niuni'rouH small gaa- 
tjfjpoda at tho base. 

inches, lliud grey calcarc ons grit. 

15 inches. Dull red and gua i» clays 
willj gneissie boidders includ- 
ed, and occasional brnchio- 
])odH (F/ 

2-1 incUea. (rroy calcare()u.s argil- 
laceoua band. 


Cutting — contd. 

(About 27 feet above tho 
railway lino.) 

iiiohcfl. drey calcareous grit 
band. 

2 inches. Gritty green clays, 
n inoUftt. Groy calcareous band. 
2J inches. Grey groon gritty clays. 
2 inches. Groy calcareous hand. 

2 feet. Dull grey -green clays 

with pebbles. 

3 inchi s. Hard ealearcous band. 

(Tlicso lower strata continue 
to converge? and die out up 
the slope ) 


3 feel. Dull gioeii clays with a haivl oalcareons band, ai d including gneissie 
pebbles ; it thins out up tho slope. 


Yellow sandy Talehir clays. 

A .small clip- fault of a low inches throw intercepts tJiese strata 
(Nee Plate 38). 

Noting tlio general rt^lalionship.s of these Barakar sediments of 
the cutting, one sees that llicy include an uppermost brown earthy 
sandstone bed dipping S.15^E. at oif, below wliich arc soft 
yellow and grey argillaceous .sand.stone.s with bands of light greet i 
and gn*y clays inclined at 34^. A similar dip is noted in the 
iip])ermo8t fossil liorizons which follow bcMicath. There was no 
(evidence to suggest an unconformity between these lower Barakar 
sandstone, s and the inarine fo.ssil strata. The lithology itulicates a 
gradual transition from the yellow argillaceous sandstones includ- 
ing tho Prodnetus ho rion (A) in it.s lower part, to the dull green 
aiid reddish clays in which tho lower fossil zones aro included. The 
strata, including tho three upper fossil horizons (A) to (C), appear 
to continue with similar thickness and dip up and into tho western 
side of tho cutting, and are probably represented in slightly varied 
form in tho fossil horizons of tho eastern slopes. Below the (Cj 
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horizon, however, the beds show considerable lateral variation in 
thickness and a peculiar slight unconformity on the Talchir strata 
below them. They tliin out when traced up the western bank and 
exliibit a definite overlap of the upper fossil horizons on to the 
lower ones, and possibly on to the yellow sandy Talchir beds below- 
Plate 38). In fact, these lower fossiliforous clays, with inter- 
vening harder, grey, calcareous, argillaceous bands, appear to 
occur in a definitely lenticular form, the lenticle closing near the 
edge as we go south-westwards, up and into the south- western 
slope of the cutting. Thinning out takes place of both the rod and 
green gritty clays with fossils, and of the intercalated calcareous 
bands. It appears, therefore, that this lateral variation is neither 
the result of surface creep in the upper slopes, nor is it due to the 
squeezing out of the softer intercalat^)d clays ; the exposure described 
reaches not more than halfway up tlio side of the cutting and is 
cut well ijito the rock in situ. The section suggests a definite slight 
miconformity on the Talchir beds, the latter forming a slightly 
concave shelving base of deposition, wJiich was filled up by the 
boulder-bearing clays and low^est marine beds, after whicli a slight 
rise in the relative sea-level resulted in the overlapping of the 
upper zones across the lower ones. Following this, a period of 
conformable deposition occurred witli a gradual change of conditions, 
r<isulting in the shallow-water deposits of the lower Barakar sand- 
stone stage. 

The difference bidween the Talchir-Barakar deposits of the 
railway cutting and of those sections along the southern unfaulted 

. boundary of the field is doubtless explained by 

SuKRCStcd conditions . 

of deposition. f^he varying conditions of deposition in the two 

localities. It is suggested that downward move- 
ment along the south-east side of the north-western boundary fault 
of the coalfield commenced previous to the formation of those 
Lower Barakar strata, so tliat the Upper Talchir rocks of that area 
formed a gradually shelving or locally undulating marine bed very 
suitable for the existence and accumulation of such marine organisms. 
This relative displacement, at the same time, caused the Upper 
Talchir rocks to bo locally exposed to tlie erosive action of marine 
currents and so provided mat/crial of similar lithological character 
for the formation of the Lower Barakar fossil beds. At a slighf^Iy 
later date the eonditions of deposition of the typical Lower Barakar 
satubtoues, unfavourable to marine life, spread westwards, and 
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n;siiltr,(l in tiio ox tor mi nation of this local, colony, and the establish- 
:i\ont of hi)W<ir Biirakar conditions througliout tlie coalfield. At a 
later date, fiirtli(ir <l(jvviiward moveniont along this line of faulting 
nisnltod, douldh;ss, iii the rapid overlap of the Supra-Uarakar beds. 

l!]|f(>rts to locate ilio fossil horizons in the stream sections near 
tl)J! boundary fault on either side of the cutting met with no success. 
Th(^ exposures are di.sap|)ointing and might well explain the apparent 
absemee of th(‘se fossibbeds ; for although the indurated Talchir 
rocks were often seen against the Mctamorphics of the fault-boun- 
(hiry, «'md the overlapping Kiipra-Barakars a short distance to the 
south-east, tluf strata, of the intervening tract were invariably 
hidden by alluvinni, so tliat no continuoiis section was observable, 
hi addition it should ))e reineinbered that irom the evidence of the 
sections in the JSar.sarha cutting, the strata including thes(j marine 
loss! Is are of lenticular form, varying (joiisiderably when traced 
laterally. This suggests that the organisms existed in local colonies, 
possibly sej)arat/ed l^y areas where, owing to local factors, condi- 
tions were unfavourable for their existenc(5. If such were the case, 
coiisidoriiig the very few conifdete sections of the rocks of the Lower 
Bai’iikar stage nud ^vith in this coalfield, it is not surprising that no 
other fossiliferouH locality w'as discovered. 

The So'pra-Harahirs. —The Supra-Barakar strata include a lower 
Siiiies of grey, yellow and orange, soft, fels})athic sandstones, medium 
to coarse-iextured, alternating with thick brightly-tiuted clays, usual- 
ly red, i)urple, or light green in colour, together with an uj)per 
series of similar soft sandstones, including beds of well-rounded 
quartzite pebbles set in a soft sandy matrix. 

The Jo\ver grouj) of sandstones and clays apparently overlap the 
uppermost Barakar beds to the nortli of Umaria. In the vicinity 
of Loharganj those 8upra-Barakar strata are brought into faulted 
juxtaposition with the iMetamorphics, and arc well-exposed, acutely 
folded, and striking ])arallcl to the fault. They are well seen in 
the stream tluwdng in an cast-north-east direction towards Oatsgauj, 
where they dip at a fairly steep angle to the north and north-north- 
west. In the distributaries flowing south-east from the Motamor- 
phics the dip is seen to change rapidly to the south-south-east, 

again at a steep angle. In those stream sec- 

The Supra-Barakars tiony the upper sandstones and pebble-beds 
of the Narsarha rail- 2. t xi rx n j i. 

way cutting. ap][)ear to rest upon tiie solt yellow sandstones 

— probably Barakar — which are separated by a 
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short stretch of alluvium from the Talcliir conglomerates of the 
fault face. Tlie intervenuig lower Supra-Barakar beds — the soft 
sandstones ana \.uiegated clays — are apparently overlapped towards 
the fault. These p^ bblo-beds aixi sandstones, exposed in the north- 
western limb of the syncline, continue to crop out south-westwards 
in tJie stroaiii sections to witliin about 700 yards of the Narsarha 
cutting. In tliis intervening portion, however, alluvium obscures 
tJie stiata. In the south-eastern part of the railway cutting exactly 
similar soft folapathic gritty sandstones and conglomerates are 
exposed resting directly’ bn the Jjower Barakar yellow sandstones 
which occur above the marine fossil-bearing beds. Those sandstones 
and quartzite pebble- bods are of the same yellow and reddish tinges 
and include a badly exposed band of red clay av their base ; they 
dip in a southerly direction at an angle of from 15’ to 20 From 
their litJiology and from their mode of occurrence when compared 
with tJie above-mentioned sections to t!ie north-east, there seenLs 
little doubt that those pebble- beds of the railway-cutting belong 
to the Su[jra-Barakar conglomerate horizon. Tl^ere appeared to be 
no evidence of a fault separating these strata from the soft Barakar 
sandstones wliich occur further north along the cutting. Tin) sec- 
tion is best explained on the su])positi()n that relative movement 
along tJic boundary-fauU was still in progress, and boijig accorn- 
jiaiiied by an incliiiatiuji oi the older sediniiuits in liie vicinity of 
the fault, these iippou* pebble-beds naliiraJly overlapped tlio lower 
strata to within a short <lisbauct3 of the Talchirs. On the contrary, 
on the soiitiieru side of the coalheld where the faiilliiig is absent, 
such intensive overiap])iug of tlie various Oondwana stagt^s lias not 
taken place. Occasional outcrops ot lod clays, largely obscim^d by 
dark clayey aliuviuiii, occur in the stream -course just west of the 
railway between the i\hirsarha cutting and IJniaria siatk»n. With 
them are associated yellow-grey hard calcanioiis sandstones weatlier- 
ing in an irregular tufacoous inauu(?r. To tlio soutJi-west the soft 
pebbly sandstones and red clays are seen in the J^iuriiun nala to 
be brought against the Metamorphics of the boundary-fault, the dip 
of those 8upra-Barakar strata increasing to a fairly steep angle as 
tlio fault is approached. These sediments are separat^ed by only a 
short stretch of alluvium from the conglomerates and clays of the 
Talchirs to the south. Again, to tlie noith-east of the railway-cut- 
ting, where the fault approaches the Lfmrar river, these »Supra- 
Barakar strata are brought against the faulted crystallines, the 

H 
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r.nisii<3<l ro(;ks near the boundary being considerably indurated, 
silicilieO, and quartz- veined, whilst a short distance south-east ol 
tlio fault tlio bods are thrown into a sharp fold. 

Tho line of hills riimujig north-east of Banreri village is conqjosed 
largely of massive saudstonca and pobble-bcdB of tho Supra-Barakars, 
associated with red oclircous clays. These strata are, apparently, 
cut oJI to tho north-west by the continuation of tho boundary 
fault. 


III.— TRAP. 

No occurrence of I rap-rock in situ is mot with actually within 
the coalfield. To the south-east, liowevcr, a short distance east of 
Karimati, sills of basalt cap the isolated sand- 
stone hillocks. These represent outliers of tho 
<‘xtensive hows wliich cover the woode^l uplands lo tho soutli. 


Trap occiirrciices. 


IV.— ALLUVIUM. 

A shoii; distaiU'O south of tho railway in tlio vicinity of tho 
Umrar river dark-brown and black alluvium, including nunuuous 
well-roiiiidod boulders of trap-rock, forms a thick covering over the 
older strata, and oxlends southwards <o Mahroi. Dark clayey 
alluvium is again mot with over a large portion of the area south- 
west of the railway between the Narsarha cutting and Umaria 
station, and forms a very fertile soil for cultivation. 


LlSl’ OF PLATES. 

No. 37. — 'Tho Narsai’lia railway -cutting, lookings outh-oast 
PnATE No. 38. — Near view of llio marine fossil -bearing bode of the 
w<*stcm side of the Narsarha culting 
Platjj No. 3l». — UooJogical map of the Umaria coaJiiold 
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On the Composition and Nomenclature of Ciiloro- 
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f. -INTRODUCTION. 

Ill a roccuit paper Dr. M. A. Peacock ^ lia.s given an accoiinl- of Mie 
piilagonitic iiilfs of Iceland. lu tliis pajiet lie (h^scribes ilio macros- 
(jopic and iiiicro.sco])ic appearances of both the sidoromelan and 
palagonite of Von VV'altersIiausen. In addition, analyses are given. 
The previously held vkw tluii the palagonite of Iceland is a hydrated 
form of siderumelan is confirmed, and the similarity of palagonite 
and chloroplucito, pointed out by the present writer,- is noted. 

Dr. Peacock observes, however, that tlio actual process by whicli 
palagonite has been formed from the basalt glass, for which he uses 
tlie name sidorornelau of Von Waltcrshauson, is different from tho 
late magmatic changes to which various authors, myself included, 
have attributed the formation both of chlorophadte and of the 
related constituent of basaltic Java Hows to which tho term pala- 
gonite has been applied not only in India but elsewhere. Dr. Peacock 
rocoramenda, therefore, that the use of the term palagonite to 
denote certain late magmatic hydrous materials in basalts and 
dolerites be discontinued ; and ho has had tho courtesy to write to 
me to suggest that I should propose for this purpose some term 
instead of palagonite. 

^Trarus. Roy. Hoc. Rdm., LV, pp. ol-7ti, (1920). 

*Rcc. Geol. Siirv. hid., LVllI, pp. 140.111,(1925). 
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Bofom cousidoring wluifc tnrrn should l)o S(dijcted, it soonis dosir- 
,thlo ti) see wlietlier we agree with Dr. Peacock in his suggostioii that 
another U^rin is necessary. The reasons for Dr. Peacock’s sugg(‘.s- 
tiou may be summarised as follows: -{I ) palagonitc is tlio liydrog(‘J 
of sideromelan and has been formed in sojne ceases at low tompc,ra- 
tiircs by Nubmorsion in water and in others as the result of hot- 
spring ac-tion, (2) chlorophante and tlie palagonitc, so-called, of the 
Iinlian basalts and similar rocks elsewhere, have been f(u*med, in 
the vi(5W of the authors describing Ihese ro(iks, as the result of late 
magmatic, cluuiges, and these changes have, in some casi's, alTecUHl 
nut only the interstitial glass of the original basalts, but .lUa tlie 
aiigib^, iron-ore, and even (WH'asionally the labr.idorite fc!s])ar, the. 
diHng(j b(*lng evidently in part one of repla.c(uuent. In fa.ct, Dr. 
Peacock wishes to restrict the term pakagonile to ' the hydrogel 
of sideromelan which occurs only in fr<igin<mtai basaltic, ejecta ’. 

Now, it appears to he a sound principle that roi’.ks oi* miiauals 
sliouhl be nann^l according to their composition and striudure, and 
that ill llii.s process the viev\M of aji author concerning tlie oiigin 
of the lock or miimral sliould be suj)])res.sed as far as possildt^, so 
that subsequent possible changes of view sluiuld nf)t n('oessita.le 
cnanges of iiHiao. Two rocks or two minerals of diverse origiii, 
but of similar composition and structure, should roc(3ivo the same 
name. Taking the Arcliajan formations of Ind a, for instance, a 
rock composed of interlocking cpiartz grains is correctly dcscribeil 
as a quartzite whether it has been formed by the metamorpliinu of 
a pure quartz sandstone oi- by crashing, that is gramditisation. of 
vein (piartz. Similarly, a banded metamorphic rock comjiused of 
felspar, quartz, and biotile is dos(;ribed as a biotitc -gneiss whetlier 
it has resulted irom ihe metamorphism of an original grande or 
from the melamorphism of a shale. TJio geologist inay express his 
views of the origin oi the quartzite or of the gneiss by suiiablo 
descriptive adjectives ; but, primarily, the name should be selected 
on the basis of Avliat the rock is now, and not on the basis of the 
geologist’s view, which may be wrong, of the origin of that 
rock. 

(Joming now to the term under discussion we observe that Dr. 
i'eacock ))ases ids suggft.stu)n that different names are required for 
thesu two cla.ssoH of products. («) upon the suggested dilference 
between the materials from wluch they liavo been produced and 
(6) upon tJic differences in the processes by which these materials 
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have been formed in the view of the geologists who have desrribed 
them. It aj^pcars to me that, in accordance with the principlea 
expressed in the preceding ])ara graph, even if Ihese two diflferences 
can be siisfain(‘d, different names will be ap])lieablo to the reapoc- 
tive products only if they are substantially different cheinic.ally and 
phys*(•all 3 ^ On the other hand, if thev arc similar chemically and 
physically, it does not matter whether the original materials from 
which they were formed, or the processes by which they were formed, 
were similar or different, one name should bo applicable to both. 
However, it will b<^ interesting first to examine briefly the two 
supposed difleroncos referred to above. 

Sidarnmelan is a name given by Von Waltcrshauscn to the 
unaltered glassy material constituting the tnffs from which the pala- 
gonite of Iceland has been formed. A reference to page 57 of I)r. 
lV.a cock’s paper shows, however, that the composition of this 
siderornelan is hut slightly different from that of a normal basalt. 
Comparing this analysis with Washington’s series of 11 analyses of 
Iceland basalts ^ it is seen at once that this analysis is very similar 
to that of other Iceland basalts (it is slightly on the low side in 
silica and potash). There seems, in fa(*t, to bo no special reason 
why flic term siderornelan should be preserved at all The general 
name for basalt glass is Uivliylyto and alM.ough in practice the 
majority f)f tachylytos may be. as Dr. Peacock points out, charac- 
leristically opaque, yet this cannot bo regarded as universally 
applicable. In India many of the basalt dvkes of Deccan Trap age 
have glassy margins ; when this glassy substance is examined in thin 
sections under the micro.scope, it is found to be glassy clear except 
for scattered phenocrysts of fresh felspar and fresh olivine, as is 
described by Dr. Peacock in the case of his siderornelan. If the.se 
glasses should be termed siderornelan because of their transparency, 
then the terra is no longer restricted to tuffs. On the other hand, 
if the term siderornelan bo not used because the rock is not a tuff, 
then tliore is no alternative to the use of tachylyte, and at once wo 
Iiavo an example of transparent unclouded tacdiylyto. It seems to 
me better to recognise that tachylyte is a general term applicable 
to all basalt glass, and to follow Penck * and Teall ® in treating 
siderornelan as merely a variety of tachylyte. 

1 IMl deni Soc. Anier,, XXXIIT, p. 7Sr?, 

* Zett. d. d. UeoL Geselhch,, XXXl, ].. ri;2, (ir.l). 

® ‘ J3vitisli Pelroorajjhy,* p. 157. 
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'I'lui otlier })oint of difforence maintained Dr. Peacock is 
Olio of ( ondit^ona of I'onimtion, mainly differences of temperature. 

Vccordiiifj; to Dr. IViaiock some Tcoland palagonite lias been formed 
i)y the action of (‘old sea-water under the pressure of the head of 
llie overlying wntei' and sonn' has been formed by hot springs (the 
hot volcanic waters ol Ijiin-eu) at almospjjerie pressures. In the 
case of tia; Indian b^ealls tbe ' |)alagoiiitisation ’ is Lsupposed to 
liavo resulted from tfie attack of residual magmatic waters whilst 
the basalts veje ('ooling through the range of temperature from 
374T' (the (uitic.al temptu'atnre of wabu*) down to at least 200^^0. 
Tlie differences d(.>es ned af»p<‘ar to me to be one of kind, but merely 
011(3 of degr(*e, as is illustrated by Iceland, wliere we luivo the ])ro- 
(iuotion (»f palagonitc by botli c<»)(l water and hot springs. Tn all 
these cases, the foimation of tlu^ ultima t(i li\drated product has 
been HCC()iuf)anied l)y t lie ndativci kmuov.I of lime, alkalies, alumina, 
and silica., with odativc. iiansist* in the amount of iron and 
magnesia, and with tla^ addition of water. Th(‘, pio(‘(;ss is similar 
find the question is wladlau' ilui j)r()dncis arc tlie same. 

On pagii t)t) ot his p«ip(;r. Dr. IVacock gives an analysis of ])ala- 
gonite-rock. It a])j)<\‘ns trom flu" 1(\M that this rock (umtaiiis : 
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materials, it may Ik' (haluccMl that the composition of the jialagonite 
itself is ajiyiroximatcdy as follows : — 
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It is now necessary to discuss tlie composition of chlorophroite, 
which in my paper on the Bhiisawal basalts is shown to bo closely 
relafed to tlio substances there designated j)aIagonito. 

II.— COMPOSITION OF CHLOROPH/EH E. 


The available analyses of chlorophadte are collected in the 
following table, with the addition in the final column of the analysis 
of palagonite from Iceland deduced on page 414 : — 


Locality. 

CJlLOttOVlliKlTE. 

Palaoonite. 

yciiir Mohr, 
Hum.' 

Naf^pur, 

India.® 

Ntar 

Kdiiibiir^'h.* 

Ciaiifca* 

Cnii&oway.* 

Toehind.® 

Si(\ 

.‘icon 

35 15 

32-95 

35-99 

35 

A1,0, 

, . 

1-00 

5-40 

10-49 

8 


22-80 

21-77 

12-:j7 

11-89 

13 

FeO 

2-40 

2 18 

0*18 

J-03 

0 



0-35 

0-33 

0-08 

, , 



2-51 


6-15 

7 



5-02 

4-75 

10-52 

7 5 

NajO 

Ir. 

, . 

1 08 

0-70 


i;,o 

tr. 


0-30 

0-34 

, , 

11,0 1 

7-2ri 

4-9S 

5-20 

9 04 



(100°-!-) 

(ll0"-f ) 

(105®‘L) 

(100°4-) 

1 27 

lljO— . 

i9-2;i 

27-44 

23-90 

14-16 

'J 

TiO, 

•• 

1 

0 02 

•• 

2-5 

^’olal 

100*24 

100-40 

99-79 

100(»5 

100-0 

0 . . . 

(2-02) 

1-83—1-84 

1 81 -L 

2-278 

•• 

Ilofractive indox 

•• 

l-48G±001 

M9S:t 

: 

1 500 


'Analyst Heddlo ; Trarift. IL Sac. Edhtb.. XXIX, ]>. 87 (1879). 

2 Analyst C. itoy : Rtc. Gtol. Sure. JviL, LVIJJ, p. 127 (102.")). Kj uvuOvo 
indox by \V. A. K. CbrLstio. 

“Analyst W. H. llordsman : Mui. Mag., XX, p. 4118 (1023). 

* Analyst Jfoddlo ; L.c., 88. 

“ Calculated from analysis by \V. 11. & F. Herdsman: Trantt. li. Sac. Siiinb., LV, 
p. (1920). 

The four analyses of chlorophicito have been arranged in order 
of increasing alumina. A comparison of the Scuir Mohr and Nagpur 
analyses reveals a striking similarity between these spccimeiis from 
two widely separated localities. The only noteworthy difference is 
that the ^uir Mohr mineral contains about per cent, more MgO 
and 6 per cent, less total water. The suggestion is that non-ahi- 
minous chlorophjeito is a definite mineral with a definite chemical 
composition. The two aluminous chlorophroites form another pair. 
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Tiot S!) cJnsoly Kilatod. belwoou which tlu^ main difiorcnces aro 
f) per cciit. moK) aliiniijia and G ])or cent. inoTo maiTuesia in tlio Irish 
nii?u‘i;d. and 7^ h-ss ferrous oxide and G per cent. less total 

water, than in tlu^ Ihlinhiirnli spes- men. As a pair the alum i nous 
c.ldorojdjadtes are distinguished from the non-aluminous (ddoroplucites 
))y tlieir liij^h alumina and tlui presence of a’ small hut definite quantity 
of alkalies, in whiclj soda ])rod(»minatcs over potash. If one recalls the 
diinction of (than<jfe irivolv(‘d in the formation of chlorophante in a 
basalt one juay suggest that the aluminous chloro])ha?ites are examples 
in which the removal of alkalies and alumina lias not been pushed 
to a finish. The close similarity between the specific gravity and 
refractive indices of tlie Xagpur and Edinburgh specimens shows, 
however, that the re. ultanl products arc pliysically vc,ry closely alli<5d. 

On conqiaring the analysis of Iceland paiagonite with those of 
chlor()]>h.cito, it is seen that ii also must, be regarded as an alujuinous 
cldoroj'lrvilo. In (ouqiosition it is very close to the chloroplurite 
from the (Jiants’ ('hnsoNvay. The only marked difference is the 
absence of alkalies. This is due in part only to the fact that in 
deducing this composition from the analysis of the palagonite-rock 
the alkalies in the original analysis were allocated to zeolites ; for 
the original analysis shows only 0-35 piu* cent, of total alkalies. 
Tlio chemical similarity is in consonajico with the almost identical 
refractive indic(\s of the T(.<dand paiagonite and the aluminous 
chloroptaeite of Edinburgh. It seems very difficult therefore to 
treat the Iceland ])ahigonite as a different mineral from chlorophante. 

The above analyses may be .summarised as follows :~ 


— 

Noii-aliiminous 

cLIoronlirpitc. 

Aluniinoua 

chlnroptiffiito. 

Tc»‘land 

paiagonite. 

SiOg 

30 00 

.32-00—35-99 

35 

K.Oa .... 

22-77- 22-80 

17-77— 22-38 

21 

MO .... 

JOOG~-14-OS 

17-31- 17-38 

14-5 

[{,0 .... 

tr. 

2-04— 1-10 

. . 

H,() .... 

32-42—26-40 

29-10-23-20 

27 

Tib, .... 

.... 

0-62 

2-5 

Kcfi iictivo Indox . 

1-486 

(Nagpur) 

1-498 

(Edinburgh) 

1-500 

(Iceland) 


JSiuce these analyses when t.hus studied appear to agree so closely 
in a general way", it becomes interesting to examine whether they 
conform to any general chemical formula. 
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In the fr)llowing table the five analyses have been reducefl to 
molecular terms with the SiOo shown as 20 : — 



A study of these molecular proportions sliows that in the Nngpur 
analysis the molecular ratios approach closest to the wliole numbers. 
The formula for th(3 Nagpur mineral may bej given as follows : — 


<)yi20.7Jl0.5R203.20Si()o I 52] 11,0. 

This analysis happens also to be lliat showing tlic smallest 
molecular proj)orlion of RO, and therefore will serv(3 as a useful 
datum line, liringing the K2O3 in eacli case \o 5 l)y making an 
adjustment betw^een the FeoO,^ and FeO, the 5 analyses corresf)ond 
to the following molecular formulae : — 


Nnj^pur . 
Kdinbnrgh 
kScuir Afohr 
Iceland . 

Gia nts’ Ca ubo way 


9 Hr 2 O. 7 RO. 5 Ua 03 . 2 eSi 03 
lUilJaO.lJUO.IJt^O.SnaO/.^OStO, I 
j HaG. llH R ^ ).5R*08.2US;iU,* [ 3 ‘ JIJ .,( ). 
13iHaO.lUiHO.5RaO3.20,Si(.>3 ; S-^UlaC;. 
l(5ilIaO.14.1R0.UiaO.aT?.,()3.2uM0a t 2r)lH20. 


For the purposes of this paper and brevity of expression I pro- 
pose to refer to the water driven off up to 100*^ to llO^C (diffenent 
analysts use different temperatures) as lion-moUrvlnr wafer and 
that driven off above this temperature as moWalar water. A study 
of these formula; shows that quite closely for every addition of one 
unit of ‘molecular water’ there is a decrease of four units of ‘ non- 
molocular water ’. In the Iceland case, the water has been arbi- 
trarily distributed in the proportions contained in the nearest 
parallel, the Scuir Mohr analysis, 

A comparison of the formula) allotted to the two extremes of 
this series — the Nagpur and Giants’ Causeway minerals— suggests 
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Uie following general formula for the chloropha:)itos, RgO when 
I ) resent being regarded as 110 : - 

2niaO.5R2O3.20SiO2 I 1(80— l/OHaO. 

The first teiau is suggested by the fact tliat in both oxirenies of 
the series tlie difference betw<ieii combined water and RO is 2^ ; 
and the linal term of (80— la) llgO by the relatioiisliip between 
combined and additional water already noted. 

Tlie values lor the above formula with n -7, 8, 11, & 14, res- 
pectively, are shown in the following table : — 


Veil IK' 


( ‘ornparK 


ol 

--- 

f<»r iniilao 
otj p. 4 17 

JOrriMfj. 

u 


for 



‘).UJa(). 7 n(>.r)R,,()j,i-'nsi ()2 ! 5211^0 

NajJipur 


H 

20Si(>, 1-4811^0 

K'finhuigh 

{u.o.riUd.mjO. 

II 

l^niaO.I IKO.aKaOj.^eSiOj [ SOlIjO 

( SiMiir Molu' 

1 fcolaiul 

JHO.JUjO. 


jejIlaO.MRO.r.RjOa f 2411,0 

Oiani/i’ 



< 'anscwji}'. 



The fourth column sliows the departures from these ideal for- 
mulae of the actual hnmuhe referred to in column 


The only formula empirically determined that disagrees at all 
seriously with the above is that of the Edinburgh specimen, wliich 
shows 3RO and IR 2 O in excess. In both the Edinburgh and 
Giants’ Causeway analyses, the alkalies are in excess of the formula, 
and it is perl)aps doubtful if they enter tliorein. But obviously 
there is 110 basis for discussion of this point or of the meaning of t he 
slight departures in tlie amounts of RO and HgO shown in the other 
analyses. They may all lie within the limits of experimental error. 

The closeness ^vith which these five analyses, as also an analysis 
of neotocite (see page 427), conform to the general formula may be 
judged from fig. 1. The lino AB represents the ratio of ‘ non- 
molecular ’ water to ‘ molecular ’ water for values of n from 0 
to 20. The spots represent the actual water ratios for the six 
analyses. The thinner lino CD represents the number of units of 
RO (with R 2 O) for the same range of n from 0 to 20. The 
crosses show the actual values of RO for the six analyses. The only 
value that fa 'Is seriously out of place is that of RO for the Edinburgh 
chlorophaute. Tlie value of the refractive index is shown where 
known. Tlie progressive increase with increase of 71 is illustrated. 
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MOLECULAR WATER <t R O 

ll'ig. 1* -J)islriV)ulion of wat»*r in uiiuoraU of tho cUlorophteite aeries. 
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III THE USE OF THE TERM PALAGONITE. 


From llio prororlinjjf aootioii it will bo seen that it is (JifTirult 
to 1roat tlin pnlotronifo (i.e.. tho col-portion of tlio p;ilagonito-ro(jk) 
of Toolarul as a (lifToront siiKstanoo from (Hiloropliaoite. In potro- 
p;rapbica1 li^orMfnro ibrj tonn ‘ palaconito ’ soerns, however, to have 
roeoived an applieniion more compreliensive than to a substance witli 
the chntJK'fers of the pala^onite of Te(*lRn(b In my paper on the 
* Basaltic Lavas in Bhnsawab’ T devoted several pages ^ to a 
discussion of the characters, composition and formation of 
pnlncoriifo an<l chlorophTite. Tho following quotation from page 
mav be given here: — 


Pala\‘onttc ill 


‘ From tho foroL^oInq nofoH \v»> aoe thaf under pitlagonito bavo Ijooji ronipns.of] 
at loa^t (avo (liotirmt snlisf anros. Tr(‘at<'d mmcrally, 7 )n.laciroiiito may yM'i’h.'rps bp 
ropardod as a bvdrons Ldassy substoncp of variablo com- 
posilion fonnpd parti v by hydration of tho ymmarv g]a.sfl 
and partly at, tho (^xpenso <«f an-rlto (? ayain bu-goly Jiydration) aTid iron-ore, and 
with mti^h mf)re diffionllv at tin* ox])pnso of felspar (1 by replacement). Tn colour 
it ranyes tbmntdi oranojo and brown to brownish green and bright green, and the 
material of all colours mav IxTomo ‘ d<*vilrilied * and anisotropic in ypheriilitoR 
and concentric-rafliato layers, with in all eases a positive chmyation to the fibn's. 
The clear orange and brown varieties, both i.sotropio and anisoti<q)i<‘, constitTit,?' 
ohlorophante, whilst tho anisotropic, green form is probably jndenlital with dd/ s- 
flite or coladonitc. Tt is cA'coedingly diffienlt to distingnisli i Ik'So I wo latt(‘r nnnerals 
one from another when in aggregates, hut if ono mav assume tho green mineral 
of the palagonito to be d»*lcHsit,o, then tho differenoo between orango palagonite 
(chloTophs'ite) and green yialagonito (doIes.site) is very 
siniphn A roforonco to the analyses given on page 13G 
will show at once that in most res])eots these two minerals 
arc chemically very closely allied : tho chief difference 
is that in ehlorophreito the iron is mainly 

in the ferric condition whilst in delossite it is mainly in the ferrous 

condition. Tn addition, wliilst delessite contains alumina as an essential con- 
stituent, tho ehlorophoM’to of tlu' original loenlity is practically devoid of alumina. 
The ehloropha'ito of rh’anta’ Tauseway. lunvever. yudded 10 yjcr cent, of Al.O.. 
Finally, chloroplnrito is more highly hydrou.s. Tt appears theroforo legitimate 
to deduce that the formation of one or other of those two minerals is largely a 
funf'tion of degroo of oxidation at tho time of alteration. As both dolessite (30 
p<'r cent.) and chloro[)hjnite (30 por cent.) contain a considerably smaller per- 
centage of silica than anv of the original subatanees, primary glass (about CO per 
cent.), ])vroxeno (about C5 per cent.) and labraclorito (about CC per coni.) — except 
iron-ore, their formation as a seeondai-y product involves tho separation of silica. 
This may, of course, bo oitbor removed in solution to bo deyiositcd in geodes and 
vosiolos, or it might crystallise out as an additional complementary mineral with 


Chemical iliffcrcncc 
belweeii orengc p.ila- 
gonltc fchlorenh.'vife') 
and ‘»rco(i pJihgonite 
(delcssile''. 


1 Oeol Surv. Ind., LVIll, pp.« 125-136, 
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tlio luliigouilo. Iq tho caso of fclio grooa palagoiiito, wlioro the ALOj is rotainotl, 
t'u) silica lias oHori appoaro'i as tlio onolosod spborulitofl of chalcedony 

n ah Biit in tiio casj of ohioroi>h.eifco, as the ALUj of tho original minerals 

IS iioL always rofcnnc'l, Uio tics ti nation of this constituent appears also to require 
o'LpU uLioii. 'Cue eliabi//ite suj)[)lios tJio obvious answer, forut explains tho desti- 
nation of both surplus Al^Oj and SiO>, which may bo assumed to have taken over 
such alkalies as wore available. hVorn this it siiould follow that chlorophuiite 
is lower in alkalies than dolossito. Alkalies cannot, however, be regarded as an 
essential constifcnonL of either mineral and the published analyses suggest no 
m irked dilferouce in this respect. If therefore tho green mineral bo doJossilo it 
seems nojossary to assume that its formation has involved the removal of alkalies 
in solution. Both chloropha*ite and doh'ssite are low in lime : in the former case 
the destination of this constituent, at lea.sb in ]).iit, is (be aco<)mi>anying ehiiliazitc, 
but in the formation of dolosiiito lime must al^,o have been removed in solution. * 

111 this jjupor it is ahown tJiat no cljatiuotioii cun bo drawn between 
(dilorupjiaute and orange or brown palagoiiito and if the term 
pahigoniU is to be lo.'^.tricted to the brown and orange varietie.s, 

then it is unnoecssary as a. mineral term, because tho tenii i‘.]ilnro- 
jdaoile has prionly ; but in tlio form of ttie name of a proeo.ss, 
jKimcdy palugotddmtion i- would still find use. if, liowcvei*, the 
extended use of tho term palagonito be retained, in accordance with 
which certain green substances also come under tliis tm-in, Iheii we 
are giving to tlie term jsilagojute a more cmiijirehen.dve morning, 

and, in this form, it will be of more use to science than if restrietod 
to identity with ch loro pine it e. A sludy of Penck's elaborate jiaper 
• Ueber Palagonit und liasaJttulfo ’ ^ shows also that in spite of 

the use of tlie lenn raUigoniiJvls by Von Wallersliaiisen the subr- 

tanct*-s from Palagonia, iSicily, Jeeiand, and eloowheie, to which lluj 
term palagonitc was originally applied were impiiro substances, 
namely rocks, , c.j/. many of the materials analysed by Bunsen-. And 
Dana ^ lists palagoiiito as — 

‘A busdlic tufa coiisisling (diully of iapilii and tho products of thoii 
.lUoralioii. It foriuor!y passed as a raiu' ial sp cios, but piop'Tly belongs to 

Iicti'ogiMphy.’ 

It seems clear, tlierefure, that the tenu palagonite was originally 
aiiplicd to a less pure substance than that for wliich the term chloro- 
})lnuitc was proposed. It seems, therefore, that palagotiito should 
be treated rather as a rock name whilst chloroplucito should be 
treated as tho name of a gcl-mincral. In this comprehensive sense 

^ tj.L.f p. be7. ‘ Es oxit^Ui’t kcin iUinc ral Ikiiagonit 

“ Poyg, AnuaU/i, LXXXJIl, pp. 221-229, (1S51). 

‘ System of JUiuoialogy p, 1042, (lUU). 
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]>iilagonilo iuclufle 8 hydrated basaltic glass with, in some cases 
products of replacement of minerals contained in, or .associated 
witli, basaltic glass. Palagonitisation is the process by which these 
hydrated products are formed. The products of palagonitisation 
may be either orange, brown, or green. If orange or brown, the 
substance is chlorophteite ; if green, it is probably dclcssite, but 
this point has not yet boon proved by analytical work. The ana- 
lysis of pahigonite used in these pages for comparison with analyses 
of chloro])haute is really .an analysis of pahigonite after removal of 
the other constituents, w^hich are really a part of the pahigonite, i 
the latter be treated as a rock. 


IV. -THE CHLOROPH/EITE SERIES. 

The discovery that evoji a general formula can bo applied to a 
fcMjries of specimens of an apparent colloid substance obtained from 
several diverse localities indicates that chlorophaiite cannot be 
treated as an indefinite mixture, but must be regarded as a definite 
mineral, the varieties of which have a range of composition con- 
forming to a general formula. 

Once the existence is admitted of a series of substances conform- 
ing to a general formula, it becomes a matter of curiosity to ascertain 
ivliether there arc any other minerals either colloid or crystalline 
that conform to this general formula. To determine this point 
involves in the first place searching for hydrated minerals in which 
the ratio R 2 O 3 : SiOa 1 : 4, i.e,, 5 : 20. It is obvious from inspection 
of the general formula that any compound with this ratio and with 
110 from 1 to 20 can be assigned to this series, if the amounts of 
ninhicular and imii uiolocuhir water bo not taken into account. 
TTio following is a list of such minerals: — 
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ValiK' 
of n. 

Xaiiio o[ jniiioral. 

(b 

Uefinciivt' iiiOox. 

HjO divergence 
from soriefl 
formula. 

U 



1-49— i r>l (1'50) 

IS 


Chl('ropnl 



- 50 

-’1 

NontioniO' . 

2'r)0 

1-588, 1-590, 1-645 

3 

NoiitroniU* . 

. . 


- 40 

5 

PhiJIip.siO'' 

22 

1-48, 151, 157 

—45 


Ciamondilc' . 

2*27 

1-539 

- "45 


I.annioiititn . 

2;{ 

1-521 

-47J 


(3iiib:i/il(‘ 

21 

I- 178, 1-480, 1 485 

37 i 



21, 2*17 

1-101, 1-470, 1-481 

- 


Anal^'ilc 

2-25 

1-4S7 

— 57] 


(jl.ilK'oiiitn . 

0.2— 2-S 

1-088 

- 50 

7 

Chloi opliitwlo 

I S3 ’ 1-81 

1-480 

-1 J 


ClriUniiiiU' 

1 S7 

(ut lOO'C.) 

• • 

—31 


JSh'lpllOUK'lHIK* 

2-85 

1 595, 1-085 

- 50 

8 

( !lil<»rop(),%'i((‘ 

1-81 

1-49S 

i 

4 

11 


202 


-- J 


Ualagonitc . 


1-500 

— - 1 
a 


iMinguotitu . 

2*80 ‘ 



12 

liiirdolito 

2-47 

. , 

- J4 

11 

(’hl<)rop!iaDit.(5 

2-278 

. . 

i‘- K 

10 

N<;ofoi*ito 

2-6 

1-47, J-54 

1 \ 

->2i 

niotiO'. 

2-7—31 

1-57—1-00 



I'ho ligurey iu tJic liiial columji iiiclicate the divergeiue between 
the total amount of water piesent ami the total amount required 
for a mineral cojiformiiig to the general formula of tJie chloroplueiUi 
{series for the values of ii shown in the first column. In tlie case of 
the zeolites tlie water divergence is calculated from the formula) 
as given by Dana, but for the other minerals the divergence is 
calculated from actual analyses, the analyses used being collected 
in the following table, in which also two of the chlorophrcite ana- 
lyses are included in order to show the position of this mineral 
with reference to the others : — 
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With tho exception of the group of zeolites corresponding to 
and biotite, which, with n~22J, is just outside tho series, 
the whole of these minerals occur in nature as fibrous, scaly or 
amorphous minerals, almost invariably in circumstanct‘,8 that show 
that they have been formed by tho alteration of pre-existing minerals, 
in tho presence of abundance of waku. From the list on page 423 
it will be seen, however, tliat the only other mineral that actually 
carries the correct total amount of water required for tho chloro- 
plueito series is neotocite (analysis 4 of Dana), and as the <listribu- 
tion into molecular and non-molecular wakr is also correct, neotocite, 
as represented by tliis analysis, may be regarded as a jmingan- 
chlorojyhceile. In addition, glauconite and bardoliki have the cor- 
rect molecular water, but a deficit of non-molecular wak^r. 

When I started this search for additional minerals that might 
be referred to the chloropbeite series, I thought it possible that 
montmorillonite and chloro})al (of which noutronito is treated as 
a variety by Dana) might prove to be the end members with 
and K 203 =Al 203 and FcgOa respectively. The result is to show 
that rnontmorillonito and chloropal contain much too small a 
quantity of water to bo referred to the chloroplifeite series, but it 
may bo suggested that eacli of these miiujrals at some stage of its 
formation, which probably was acconqxiiiied by progressive dehydra- 
tion, may have conformed to the series formula. 

In tho course of consideration of the minerals given in tho list 
on page 423 notes on tjach were ])repared ajid the formulae calculated 
and arranged in accordance with the general formula of the chloro- 
phicite scries. But it is considered that it will be of interest to 
print here only tho notes on montmorillonito, chloropal with its 
variety nontronite, and neotocite. 

MoninwrUloniie (n=0, 1). 

The formula for n=0 is — 


2 jH 2 O. 6 RaO 3 . 20 SiOa+ 80 ll 2 O. 

The formula given by Dana is — 

Chatelier, 

But the water is much less than SOHjO, as is shown by the 
figures in the table on page 424. 
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Tlio analysitt from Dana (by Salvetat) there quoted corresponds 
to— 

20JH3O.RO.5Al2O;,‘^0SiO2 f UlU^O. 

Tlie formula n— 1 requires (3| | 76)1120. 

The formula adopted by 11. Loitmeier ^ is — 

Al203.4Si02.61l20. 

Montmorillouito is found in abundance in the Central Provinces 
of India in the joint planes of certain manganese -ore deposits, e.f/., 
Kaclii Dliana and Kandri. A specimen from Kachi Dhana gave on 
analysis lignres close to those of the original mincual from Monl- 
morillon, the total waUir being 26-76 per cent. (37'/lIaO against 
31|ll20). 

Chloro'paL (7i- 0). 

Whilst montmorilloTutc inight be regarded as related to the emd 
member of the series with a -:() and EgO,} - AI2O3, chloropal might 
perhaps be regarded as related to the end member with n--() 
and li203-"Fe203. Dana gives the formula of chloropal doubt- 
fully as H«Fe2^^3^^i2 I however, it belongs to the chloro 

pluuite series the formula should be 2|lf20.5Fo203.20Si02 fSOKgO. 
TJio compositions required by these two formula) are as follows ; — 


— 

l)aj»a. 


H,0 

20-9 

42-5.'5 

........ 

:i7 2 

22-89 

.SiOj ........ 

41-9 

34-r)t) 


A few of the analyses given in Dana have the ratio FcgOg : SiOg 
a])proximating to the figiues required by Dana’s formula, but the 
majority are closer to the ratio 1 : 4. Usually there are small quan- 
tities of protoxides present so that m™: 2 or 3, as in nontronite : 

Xo)Hroifite (n=2J to 3). 

This mineral is listed by Dana as a variety of chloropal, and is 
treated by Larsen ^ as identical with chloropal. Analysis 2 of 
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Dana has Fo 203 :Si 02 almost exactly:=^l : 4 ;'^but taking AI^O^ 
into account the ratio is 1 : 3'4. Treating a portion of the 
as 2FeO, however, the analysis corresponds to : — 

5pi2O.3RO.6B2O3.20SiO +22iH20. 

TJie last term should be GSHgO for ^=3. Larsen gives the 
formula of nontronite as : — 

(Ca,Mg)0.2Fe203.8Si0a.7 ± II^O. 

This is equivalent to : — 

5H2O.2pO.5R2O3.20SiOa+ I 2 PI 2 O. 

This corresponds with w=2J, except that the last term should 
1)0 TOHjO. 

Neoiocite (w— 16). 

No formula is given for this mineral by Dana, who describes it 
as a hydrattid silicate of manganese and iron, but of very doubtful 
composition. The proportion of sesquioxides is very variable, and in 
three analyses a high proportion of ilii^Oa is indicated. One ana- 
lysis (No. 4) corresponds with the following formula 

18H20.14JR0.5Ro03.20Si03 hlSJllgO. 

m= 1G requires — 

18|ll2O,16RO.5RaO3.20SiO2-l-16HaO. 

This mineral, therefore, may be regarded as belonging to the 
chlorophudte series, even the degree of hydration and distribution 
of water being correct. If this analysis be correct, then ueotocitc 
may bo regarded as a mangan-chUyrophmle wdth MnO in place of 
MgO, etc., and with less water owing to its position in the scries. 
The specific gravity (2*114) of neotocite is considerably higher than 
that of chloroplueite (1*81 to 2*28), but the refractive indices are 
closely similar 

Neotociio (Larson) ,1*47 — l‘o4 

Chloropheeite ^ — 1*501) 

Larsen (L.c., p. 116) remarks that the name neotocite should l)o 
confined to the amorphous mineral that has approximately tlu^ 
composition of bementite (MnO.SiO 2 .nH 2 O). If, however, as the 


^ The refraotive index of the chlorophicite of Bhusawal ranges up to a iiguro slightly 
above that of Canada Balsam, t.e., to over 1*544. L.c., pp. 131, 151. 


1 2 
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analyses sliow, neotocite contains considerable amounts of sesqui- 
oxidcs, then tlie foregoing treatment seems more suitable. 

Summarising the above we may say that chlorophicite, pala- 
gonite, and neotocite, have the correct molecular and non-molecular 
water to be assigned to the series represented by the formula ; — 

2JRO.5IljiO3.20SiO2-|-w(liO,Jl2())-| (80- 4 /a)HjO. 

These minerals are all secondary colloid minerals, formed as the 
result of hydration of pre-existing minerals, and possessing refrac- 
tive indi(‘es ranging from 1-47 to 1-54. 

In addition, glauconittj and bardolitii correspond with the sojies 
formula (jxcept for a deficit of non-molecular water. 

In nontronite and graminite (both varieties of cliloropal) ilie 
molecular and non-molecular w^ater have not bemi de.ierniined 
separaUdy, except that nontronite may absorb wati'.r up to a total 
of 30 per cent, which is reduced to 18*7 per cent, at 80'’C.^ All 
that one can say safely of these two minerals is that there is a deficit 
of total water. 

In montmorillonite, although the total water is too small, yet 
the combined water is too higli for the formula. 

This leaves only the zeolites, stilpnomelane, minguetite and 
biotite, which are definitely crystalline minerals. Although zeolites 
lose their water gradually on heating yet their maximum water is well 
IhjIow that required by the formula. Perhaps it may be suggested, 
however, that should they ever be found in colloid form they might 
carry water approximating to the formula. 

It may bo suspected from their mode of occurrence and micros- 
copic appearance that did they occur in crystal form most members 
of this 1 : 4 series would prove to bo micaceous in structure. 

V.~SUMMARY. 

1. Chlorophaute is a gel-mineral of variable composition, but 
the variations take place within the limits of a general formula, 
which is : — 

2 pia0.5Ra03.2aSi0a+n(R0.H20) + (80- 4w)HaO. 

2. Four analyses of chlorophuoite from Nagpur, Edinburgh, Scuir 
Mohr, and the Giant’s Causeway, rosj)ectively, correspond to ex- 
pressions of this formula with n=7, 8, 11 and 14. 


* Berthier, An. Ch. Phys., XXXVI, p. 24, (1827). 
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3. In fio far as the data are available the specific gravity and 
refractive indices increase with the value of n, 

4. The gel-mincral of the Iceland jialagonite rock described by 

Dr. Peacock is deduced to have a composition that brings it into 
the chlorophadtc series with The refractive index of this 

palagonilc falls into the correct place. 

T). 11ie term chlorophadte (Macculloch, 1825) has priority over 
palagonite (Von Waltershausen, 184G). 

(). It is deduccMl, therefore, that the term palagonite should not 
be employed as a minerabnamo and that the praedice of Penck 
and Dana should 1)0 followed in accordance with which jialagonite 
is regarded as a rock. When the rock contains no extraneous 

substances then palagonite cc(uals chlorophadte-rock. 

7. The basalt-glass known as sideromelan, from which some 
palagonite has been formed by modification ancl hydration, should 
be regarded as only a variety of tachylyte. 

8. Used to (h^sciribe certain secondary substances, but without the 

precision of a mineral namc^ the term palagonite has been extended 
to comprise two varieties (1) orange and brown, and (2) green. 

The orange and brown palagonite when clarified from other sub- 
stances is identical with chlorojdiadte. The green variety has not 
b(;cii studied but may prove, when free from other substances, to be 
identical with or related to delessite. 

0. It is recommended that the term palagonitisation should 

be used to designate the process of hydration with accompany- 

ing chemical composition by w'hich palagonite of both kinds is 
formed. 

10. A consideration of analyses and properties of other minerals 
shows that at least one analysis of neotocite conforms to the chloro- 
phoeite general formula (w=lG). This mineral may be regarded as 
a mangan-chlorophadte. 

11. In addition to chlorophaeite, palagonite and neotocite, 

which all have the correct distribution of ‘ molecular ’ and ‘ non- 
molecular ’ water to be referred to the chlorophadte general formula, 
there are several other minerals that conform to the series, except 
that the water content is deficient. These minerals range from 
montmorillonite and perhaps chloropal with at one end of 

the series, through certain zeolites, glauconite, chlorophaeite and 
various micaceous minerals to biotite at the other end (n=^22?>). 
The tendency is for all the hydrous minerals, excepting the zeolites, 
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with a ratio of RjO, : SiOj^l : 4 to bo, when not amorphous, cither 
fibrous or micaceous. The majority of them are sei'otidary minerals. 

12. An examination of the geiiera] formula of chlorophieite 
shows that for every increase of one unit of ‘ molecular ’ water 
(water driven off above l(Kl°— 110°C), there is a decrease of four 
units of ‘ non-molecular ’ water (water driven off below 110°0). 
No explanation of this curious fact is offered, and it will bo interest- 
ing to see whether future work on the chlorojihiTitc series supports 
this relationship as expressed in the general formula. 
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MISCELLANEOUS NOTES. 

Barytes from the Anantapur district, Madras# 

Barytes oeciirs in the r(*serve(l forest near Nerijamupalle (14®32'30^ 
7S"!') in the Anantapur district of the Madras Presideiuy. It occurs as 
veins in Vaimpalli slates and limestones which form part of the Papaghni 
series of the Cuddapah system. The outcrop of the largest vein is from 
3 to 11 feet wide and it has been followed for more than half a mile along 
its strike, N. 110° K. ; three other veins crop out close to the above vein, 
two of which strike respectively N. 125^ E. and N. 110'^ E. 

Another outcrop occurs in the Daditota reserved forest, IJ miles north 
of the chief Nerijamupalle vein, and this also bears N. 110® E. 

A representative set of specimens has been collected from both localities 
(M. 940 A. — Q. and M. 941 A. — D.). The average specific gravity of the 
Nerijamupalle barytes is approximately 4*4 and the colour, though generally 
white, varies to light green and a faint pink. A microscopic section (17574 ) 
of the vein material bordering the main vein (30/46) sliows an argillacc- 
ous limestone with barytes, calcite, a little cpiartz arid some chalcopyrite. 


A. L. COULSON. 


A. K, Dey. 


Barytes in Orchha State. 

According to Mr. M. K. Hay, Consulting Geologist, barytes has recently 
been found within tlie limits of the village of Khuru (now called ^5uraj- 
pura ; 24® 43' 30" : 79® 10' 30"), which is 2 miles soul h-soiith -east of Jlcoidn 
and forty miles from the nearest railway station, Man Ranipur (Great 
Indian Peninsular Railway). 

The barytes occurs west of the village by the side of a hill called Cha- 
krada. Mr. Ray, who has examined the deposit, states it is associated 
with about equal proportions of quartz in a vein in Bundclkhand gneiss 
and is also found in the adjoining rock. A little copper pyrites occurs 
with the barytes, but, as far as Mr. Ray could make out from a surface exa- 
mination, there is insufficient copper ore for the vein to be worked as a 
supply ot copper ore. No lead ore was found. 

The vein strikes approximately N.W.-S.E. and it can bo traced for 
about a quarter of a mUe. This direction is that of the general strike of 
the basic rocks intruding the crystallines, but the usual strike of the quartz 
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veins is from N.N.E.-S.S.W. to N.-S. A littlo prospecting work has exposed 
a width of about eight feet of vein without reaching the walls. The 
estimated cost of transport to Man Ranipiir is between Rs. 10 and Rs. 16 
per ton. 

The barytes found upon the surfare is mostly brownish -white in colour, 
but the quality improves even at a depth of but two to three feet. A speci- 
]uen (M, 949) was found to have a specific gravity of 4*396. 


A. L. Cbu^soN, 
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